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From  August  25  -  28,  1978  a  conference  on  averaged  evoked  po¬ 
tentials  was  held  at  Konstanz,  West  Germany.  Research  on  human 
evoked  potentials  has  progressed  rapidly  in  the  past  decade,  and 
a  series  of  international  conferences  have  served  to  maintain  com¬ 
munication  between  active  workers  in  the  field.  Among  the  organiza¬ 
tions  that  have  a  tradition  of  supporting  such  multi-national  com¬ 
munication  are  the  North  Atlantic  Treaty  Organization  Scientific 
Affairs  Division,  the  U.S.  Office  of  Naval  Research  and  the  German 
Research  Society  (Deutsche  Forschungsgemeinschaf t) .  We  have  been 
fortunate  to  have  the  support  of  all  three. 

In  the  early  stages  of  planning,  a  committee  was  formed 
composed  of  Professors  Rudolph  Cohen  (Konstanz) ,  Otto  Creutzfeldt 
(Goettingen) ,  John  Desmedt  (Brussels) ,  A.M.  Halliday  (London) , 

Anthony  Remond  (Paris)  and  Herbert  Vaughan  (New  York) .  A  call  for 
papers  was  circulated  as  widely  as  possible,  and  this  committee 
carried  out  the  difficult  task  of  selecting  a  limited  number  of 
participants  from  a  large  number  of  excellent  abstracts. 

At  the  same  time  Professor  Cohen  of  the  University  of  Konstanz 
was  generous  enough  to  shoulder  the  task  of  playing  host  to  the 
conference.  His  thoughtful  arrangements  contributed  enormously  to 
the  comfort  of  the  participants.  He  and  his  colleagues  also  engi¬ 
neered  an  ideal  ambience  for  sharing  of  ideas  and  observations, 
while  the  University  of  Konstanz  generously  provided  audio-visual 
support. 

Finally,  it  would  be  entirely  appropriate  for  Danielle  Thouvenin 
to  be  one  of  the  senior  authors  on  this  volume,  for  she  not  only 
supervised  the  organization  of  the  conference  but  edited  and  retyped 
all  the  manuscripts. 

This  volume  represents  an  attempt  to  make  available  the  results 
of  a  conference  on  ongoing  research.  Speed  of  publication  has  been 
our  primary  goal,  and  we  have  forgone  some  editorial  niceties  so 
these  papers  can  be  made  available  to  other  working  groups  while 
they  are  still  current.  The  topic  is  an  interdisciplinary  one,  and 
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papers  could  have  been  classified  a  number  of  ways  (methods,  dis¬ 
ciplines,  major  focuses,  etc.).  We  have,  however,  arranged  them  by 
senior  author  in  alphabetical  order. 

Poster  sessions  played  a  large  role  in  the  sharing  of  new  ideas 
and  data,  and  the  abstracts  of  these  poster  presentations  are  also 
in  this  volume.  Active  participation  of  all  who  attended  was  per¬ 
haps  the  most  crucial  factor  in  the  conference,  and  the  editors  wish 
to  thank  them  for  their  enthusiasm  and  their  efforts.  The  final 
preparation  of  this  volume  has  depended  on  the  cooperation  of  Plenum 
Press  and  the  technical  assistance  of  Dr.  Charles  Yingling. 
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T.  Allison,  W.R.  Goff  and  C.C.  Wood 

Veterans  Administration  Hospital,  West  Haven,  Conn. 

Yale  University  School  of  Medicine,  New  Haven,  Conn. 

Recent  advances  have  led  to  an  increased  ability  to  use  initial 
components  of  the  human  auditory  (AEP)  and  visual  (VEP)  evoked 
potential  as  a  neurophysiological  probe  for  the  detection  of  CNS 
disorders  (for  reviews  see  e.g.,  Starr  et  al.,  1978;  Halliday,  1978). 
These  advances  were  quickly  followed  by  a  successful  search  for 
subcortical  portions  of  the  somatosensory  evoked  potential  (SEP) 
which  could  be  applied  similarly  to  neurological  problems  (Matthews 
et  al.,  1974;  Cracco  and  Cracco,  1976;  Jones,  1977;  Hume  and  Cant, 
1978)  .  For  purposes  of  differential  diagnosis  and  better  local¬ 
ization  of  lesions  it  will  often  be  desirable  to  record  EPs  to  the 
three  modalities  of  stimulation.  A  few  studies  have  already  appear¬ 
ed  using  combinations  of  EPs  (e.g.,  Mastaglia  et  al.,  1976;  Stock- 
ard  and  Sharbrough,  1978) .  The  need  thus  arises  for  a  review  of 
the  problems  involved  in  combining  AEP,  SEP  and  VEP  recording  in  a 
test  which  can  be  carried  out  in  a  single  recording  session.  This 
paper  will  consider  recording  conditions  and  available  normative 
data  in  such  a  clinical  context.  In  referring  to  electrode  location 
the  subscripts  c  and  i_  will  denote  locations  contralateral  and 
ipsilateral  to  the  side  of  stimulation.  All  components  are  labelled 
by  their  polarity  and  approximate  peak  latency;  AEP  components  P2-P9 
correspond  to  waves  I-VII  as  usually  described. 

Interest  in  subcortical  AEP  components  is  intense,  and  they 
have  been  applied  to  various  diagnostic  problems.  Component  am¬ 
plitudes  vary  considerably  in  the  normal  population  and  are  not  gen¬ 
erally  useful.  Peak  latencies  in  studies  reporting  quantitative 
data  are  summarized  in  Figs.  1  and  2  and  lead  to  these  conclusions: 
(1)  Most  of  the  normative  data  reported  to  date  are  for  young 
children  or  young  adults.  (2)  On  the  right  of  Figs.  1  and  2,  peak 
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ABSOLUTE  IATENCY  LATENCY  RE  i  ATIVE  TO  P2 
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ABSOLUTE  LATENCY  LATENCY  RELATIVE  TO  P2 


AGE  -  YEARS 

Fig.  2.  AEP  component  latencies.  Details  as  in  Fig.  1. 

Rossiter,  1977).  p9  is  often  followed  by  a  small  deflection,  P12, 
of  unknown  origin;  no  previous  data  are  available.  While  p7,  P9  and 
P12  are  more  variable  in  latency  and  appearance  than  are  the  earlier 
components,  they  are  usually  reproducible  in  a  given  subject.  The 
preliminary  data  summarized  in  Figs.  1  and  2  suggest  that  absolute 
latencies  increase  with  age  but  that  latencies  relative  to  P2  are 
fairly  constant. 

Recording  electrode  locations  are  reasonably  consistent  in 
previous  work.  Activity  is  typically  recorded  between  Cz  and  an 
electrode  on  the  mastoid  or  earlobe  ipsilateral  to  the  ear  stimu¬ 
lated.  Considerable  variation  exists  in  other  recording  parameters. 
The  following  are  representative  and  were  used  for  the  preliminary 
data  summarized  in  Figs  1  and  2:  N  =  1024  (2048  if  necessary);  fil¬ 
ters  at  30-3000  Hz  (-3  dB  points) ;  intensity,  75  dB  SL;  stimulus 
rate,  10  sec;  recording  from  Cz-Ai. 
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Fiq.  3.  Early  SEP  components  recorded  from  derivations  shown* 
details  in  text. 


Alt  bough  short  latency  SEPs  of  subcortical  origin  have  boon 
recorded  for  years  (for  a  review  see  Allison  ot  al . ,  1 U78 )  detailed 
recording  of  such  activity  using  high  resolution  techniques  is 
recent.  No  consensus  has  been  reached  as  to  optimal  recording  con¬ 
ditions,  nor  is  it  clear  that  all  workers  are  observing  exactly  the 
same  activity.  By  analogy  with  the  subcortical  AEP,  it  should  bo 
possible  to  use  the  subcortical  SEP  in  evaluation  of  brain  stem  and 
midbrain  pathology;  promising  preliminary  results  have  been  report- 
ed  (Mastaglia  et  al.,  1976;  Greenberg  et  al.,  1977;  Hume  and  Cant, 
stockard  and  Sharbrough,  1078)  . 
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We  will  first  describe  them*  components  obtained  from  our  stan¬ 
dard  recording  conditions,  then  discuss  the  rationale  for  these 
conditions.  The  potentials  are  illustrated  in  Fig.  3  and  are  de¬ 
rived  from  a  combination  of  the  techniques  described  by  Matthews 
et  al.(  Cracco  and  Cracco,  Jones  and  Hume  and  Cant.  Following  the 
convention  used  foi  the  subcortical  AFP,  positive  at  sc-alj  leads 
(Fz  or  Pc)  is  recorded  upward.  The  top  trace  is  the  median  nerve 
compound  action  potential  recorded  at  the  level  of  the  shoulder 
ipsi lateral  (Si)  to  the  stimulated  median  nerve.  The  middle  trace 
illustrates  later  subcortical  potentials  PIT,  P13  and  P14.  The 
lower  trace  shows  the  subcortical  potential  Pl5  and  the  earliest 
cortical  potential  NTo. 

By  analogy  with  the  AFP,  it  should  lx*  useful  to  record  a  peri¬ 
pheral  nerve  benchmark  with  which  later  components  can  be  compared. 

As  would  bo  expected  there  is  a  high  correlation  (about  .80)  between 
the  latency  of  these  components  and  body  height  or  arm  length 
(Matthews  et  al.,-  Hume  and  Cant;  Dorfman  1077).  Use  of  a  peripheral 
nerve  benchmark  removes  most  of  this  source  of  variability  in  adults. 
Peripheral  nerve  conduction  velocity  varies  with  temperature  (e.g., 
Buchthal  and  Kosenfalck,  1966).  For  clinical  purposes  it  is  not 
feasible  to  regulate  arm  temperature;  use  of  the  benchmark  should 
remove  this  source  of  variability.  Cracco  and  Cracco  recorded  the 
peripheral  nerve  volley  at  the  level  of  the  brachial  plexus  from 
Hrb's  Point,  while  Jones  recorded  it  from  the  clavicle.  In  most 
subjects  either  of  these  locations  yields  a  large,  easily  quanti¬ 
fied  potential.  In  normal  subjects  we  found  that  a  location  midway 
along  the  clavicle  yielded  a  potential  about  one-third  larger  (and 
earlier  by  0. 3-0.4  msec)  than  that  recorded  from  Erb's  Point.  Since 
PlO  is  small  in  some  older  subjects  and  patients,  the  mid-clavicular 
placement  seems  preferable. 

Components  PIT,  P13  and  P14  can  be  recorded  either  from  scalp 
electrodes  to  a  noncephalic  reference  (Cracco  and  Cracco) ,  from 
electrodes  over  the  cervical  spine  to  a  noncephalic  reference  (Jones) 
or  from  a  cervical  spine-midfrontal  scalp  derivation  (Matthews  et 
al.;  Jones;  Hume  and  Cant).  In  the  scalp-noncephalic  derivation 
these  components  are  recorded  as  positive  potentials,  whereas  in 
cervical  spine-noncephal ic  recordings  they  appear  as  negativities 
(Fig.  4A) .  The  origin  of  these  potentials  is  not  considered  here 
(see  Jones;  Hume  and  Cant;  Goff  et  al.,  1978),  but  it  will  be 
useful  to  determine  why  they  are  recorded  "locally"  as  negativities 
and  rostrally  as  positivities.  Cracco  (1973)  and  Allison  et  al., 
(1978)  interpreted  an  N14  potential  (an  amalgam  of  the  PIT,  P13  and 
P14  components  as  recorded  here)  as  reflecting  the  cervical  cord 
afferent  volley.  If  this  interpretation  is  correct  for  PIT,  P13 
and  P14 ,  a  "killed-end  equivalent"  recording  would  satisfactorily 
account  for  the  fact  that  these  potentials  are  recorded  from  the 
scalp  as  positivities  (Fig.  4B) .  On  the  other  hand,  some  of  these 
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L  ATE  NCt  msec 

Fig.  4.  Field  potential  properties  of  SEP  P12,  P13  and  P14.  A. 
P12,  P13  and  P14  are  recorded  as  p>ositivities  in  the  Fz-hand 
derivation  and  as  negativities  in  the  C7-hand  derivation;  the  Fz-C7 
derivation  yields  their  sum.  B.  Possible  model  to  explain  the 
results  of  A.  Assume  an  isolated  nerve  preparation  with  recording 
(open  circles)  and  stimulating  electrodes  as  shown.  An  electrode 
on  the  nerve  will  record  a  negativity  (sink)  when  the  region  of 
depolarization  passes  under  the  electrode  and  positive  (source) 
potentials  just  before  and  after.  An  electrode  at  or  beyond  the 
end  of  the  nerve  will  record  a  monophasic  positive  source  potential 
("killed-end  effect";  e.g.,  Landau,  1467).  Now  imagine  this  nerve 
to  be  a  fiber  tract  (e.g.,  dorsal  column  or  medial  lemniscus).  As 
recorded  from  surface  electrodes  (closed  circles)  its  compound 
action  potential  will  be  recorded  as  a  negativity  from  the  neck  and 
as  a  positivity  from  the  scalp. 


components  are  thought  to  reflect  activity  generated  in  fixed  sites 
(Matthews  et  al . ;  Jones;  Hume  and  Cant);  in  this  case  it  may  be 
assumed  that  local  sources  mainly  lie  rostral  to  the  depolarizing 
sinks  and  form  a  dipole  field  oriented  in  the  rostral-caudal  plane. 
Whatever  the  origin  of  these  potentials,  operationally  the  Fz-C7 
derivation  introduced  by  Matthews  et  al.  takes  advantage  of  their 
dipolar  properties  (cf.  Jones)  and  yields  an  optimal  recording. 
Noncephalic  reference  derivations  are  more  subject  to  stimulus,  EKC 
and  muscle  artifact  and  yield  components  of  variable  waveform.  F12 
and  P13  are  robust  potentials,  measurable  in  almost  all  normal  sub¬ 
jects.  P14  sometimes  appears  as  a  distinct  peak  (e.g..  Fig.  3)  but 
more  often  appears  as  a  shoulder  or  inflection  on  the  falling  phase 
of  P13.  When  P14  is  difficult  to  measure  in  the  Fz-C7  derivation 
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it  can  sometimes  be  seen  better  in  the  Pc-A1A2  derivation  (Matthews 
et  al . ,  Fig.  1).  As  noted  by  Jones,  P12  and  P13  sometimes  break 
up  into  subpeaks  which  can  make  determination  ot  latency  difficult. 

In  the  Pc-Al A2  derivation,  P13  and  PIT  are  followed  by  P15 
(Fig.  3).  PIS  can  be  the  largest  in  this  sequence  of  potentials, 
or  it  can  appear  only  as  a  shoulder.  It  should  be  noted  that  the 
PIS  potential  recorded  in  earlier  work  (e.g.,  Allison  et  al.,  1978) 
is  an  amalgam  of  the  P13,  P14  and  PIS  potentials  as  recorded  here. 

N20  is  generally  regarded  as  reflecting  initial  activity  of  somato¬ 
sensory  cortex.  It  is  large  and  easily  measured  in  normal  subjects. 
As  noted  by  Cracco  and  Cracco,  one  or  two  positive  deflections  are 
often  seen  between  P15  and  N20;  in  Fig.  3  they  are  tentatively 
labelled  P16  and  P18.  When  only  one  deflection  is  apparent  its 
categorization  may  be  difficult.  As  noted  by  Hume  and  Cant,  the 
waveform  following  N20  is  variable  in  morphology.  In  some  cases 
there  is  a  single  positivity  at  about  25  msec,  but  two  peaks  at 
about  22  and  26  msec  are  often  seen.  These  are  tentatively  labelled 
P22  and  P26  in  Fig.  3  although  in  this  example  they  are  not  clearly 
distinct.  It  is  likely  that  P22  and  P26  as  measured  here  correspond 
to  P25  and  P30  as  recorded  by  "standard"  methods  (e.g.,  Goff  et  al., 
1977),  the  difference  being  due  primarily  to  differing  preamplifier 
high  frequency  bandpass. 

Hume  and  Cant  studied  amplitude  and  latency  of  some  of  these 
potentials  as  a  function  of  stimulus  intensity.  They  found  virtual¬ 
ly  no  change  in  latency  from  an  intensity  just  above  sensory  thres¬ 
hold  to  the  maximal  level  tolerated.  Amplitude  increased  only 
slightly  from  an  intensity  just  below  thumb  twitch  to  the  maximal 
level  tolerated.  Tlius  an  intensity  near  thumb  twitcli  threshold 
appears  to  be  a  good  compromise  between  response  amplitude  and  sub¬ 
ject  comfort. 

Most  studios  not  dealing  specifically  with  the  lower  extremi¬ 
ties  have  used  median  nerve  stimulation  at  the  wrist  as  a  stimulus 
because  it  is  convenient ,  because  it  evokes  a  large  SEP  and  because 
the  thumb  twitch  so  produced  provides  an  objective  measure  of  stimu¬ 
lus  intensity.  It  has  been  argued,  however,  that  stimulation  of  a 
mixed  nerve  has  the  disadvantage  of  evoking  an  antidromic  volley 
in  motor  fibers  which  might  confound  the  recording  of  sensory  affer¬ 
ent  activity  (Desmedt,  1971).  While  this  argument  has  merit,  the 
following  considerations  weigh  against  the  use  of  finger  stimulation: 
(1)  Jones  compared  early  SEP  components  to  wrist  and  finger  stimu¬ 
lation  and  found  that  all  components  were  smaller  but  identifiable 
to  finger  stimulation.  He  concluded  that  none  of  the  early  SEP 
components  can  be  wholly  due  to  antidromic  conduction  in  motor  fibers 
since  such  fibers  are  not  present  at  the  base  of  the  fingers  and 
stimulation  of  the  fingers  was  not  seen  to  produce  a  direct  motor 
response.  We  have  also  investigated  this  question  and  reach  the 
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Kiq.  '» .  Kat  ly  SKP  to  st imulat  ion  of  mini  i  an  norvt  it  an  intensity 
just  suprat  hreshold  t  oi  thumb  twitch  (A)  ,  below  thumb  t  witrh 
threshold  (B)  anti  t  o  st  imulat  ion  ot  first  and  second  t  inner  s  (cl  . 
Note  similarity  ot  w.wrfotms  in  middle  and  top  tow:-  and  ptesenee  of 
all  component s  (except  Pit*;')  to  linnet  st  inml  at  ion . 


same'  conclusion  (Fin.  *»)  .  Note  that  «tll  component s  at*'  present  at 
,1  st  inml  us  intensity  bolow  thumb  t  wit  eh  thieshold  and  tv*  st  imulat  ion 
of  the*  second  and  thitd  tinnets  at  an  intensity  sub  jeet  i vv  1  y  oqual 
to  that  evokinq  a  thumb  twitch.  (.‘1  Most  patients  are  appt  ohons  i  \v 
about  bc'iruj  "shocked" ,  and  subject  ive  est  imatos  of  st  i mill  us  inton 
sity  t  o  f  in<?et  stimulation  will  often  be  unreliable.  The  .small  size 
of  the  peripheral  nerve  volley  recorded  from  si  to  fitujot  stimula 
t  ion  (Piq.  M  tenders  it  unsat  i  s  t  act  ot  y  a  -  art  index  of  stimulus 
efficacy*  (  1)  Pnwson  (1**S(0  first  showed,  and  latei  studies  (e.q., 
Rosner  and  boff,  l'U*7;  Hume  and  i’ant  )  have  amply  confirmed,  that 
SKP  oompimentn  ate  neat  theit  maximum  amplitude  at  thteshold  tot  a 
mot  ot  tesponst'.  (*1)  Compat  at  i  ve  studies  have  concluded  that  SPP 
waveform  to  tactile  stimuli  is  similar  to  (althotmh  smaller  and  later 
than)  the  response  evoked  by  median  ttetve  st  inmint  ion  (e.*j.  ,  Naka 
ttishi  et  al  .  ,  l'>71).  These  facts  arque  that  little  ot  none'  ot  the 
SUP  is  attributable  to  st  imulat  ion  of  mot  ot  nerve  fibets.  lit  out 
opinion  the  known  advantages  of  usitni  mediart  nerve  stimuli  outweiqh 
the  potent ial  disadvantages  which  remain  to  be  demon st t at ed . 
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■'id-  6.  Age  related  changes  in  SKI’  latencies  in  this 
studies:  A,  Hume  and  (.’ant,  1 1)78 ;  B,  Matthews  et  al. 
Cracco  and  Cracco,  1078;  n,  Nakanislii  et  al.,  I'i7t;  K, 
l'»71;  K,  Ctoff  et  al.,  1077;  G,  I.uders,  1970;  H,  l,agct 
J,  Jones,  1077 ;  L,  Dorfman  and  Bosley,  1078;  M,  Alcove 
1071.1  Details  as  in  Fig.  1.  Discrepancies  in  plo  and 
latencies  result  from  fact  that  Plo  latency  is  earliet 
derivation  used  by  Jones  and  Hume  and  Cant  than  in  t  ho 
vat  ion  (Fig  .  11  . 


and  previous 
1074;  c, 

Levy  et  al., 
et  al.,  1076; 
and  Varczhkin, 
rlO-relat  ive 
in  the  IV. -07 
Kz-Si  d.'i  i- 


Stimulus  frequencies  of  1-10/sec  have  boon  used  to  record  these 
potentials.  In  a  pilot  study  we  stimulated  at  5  and  10/soc;  wave¬ 
forms  and  latencies  were  similar  in  both  cases.  in  addition  to 
requiring  less  recording  time,  flu-  use  ot  U/sec  stimuli  might  have 
the  advantage  ot  providing  more  of  a  neurophysiological  "challenge", 
thus  revealing  abnormalities  not  detectable  at  lower  rates  of 
stimulation  (llecox  ot  al  .  ,  10771.  However,  stimuli  evoking  a  thumb 
twitch  can  be  unpleasant  at  this  rate;  hence  we  have  adopted  5/sec 
as  a  standard  rate. 
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Aqc  related  SKP  latency  changes.  Details  as  in  Figs,  l  and 


Components  PIS ,  N20,  P22  and  P26  are  best  recorded  from  the 
scalp  to  an  ear  reference.  Some  workers  have  recorded  N.'O  from  a 
Cc  lead.  However,  this  potential  inverts  in  polarity  across  the 
central  sulcus  and  hence  is  small  in  amplitude  and  variable  in 
waveform  at  Cc  ((.off  et  al.,  P177)  .  We  record  P15  and  later  com¬ 
ponents  from  a  Pc-A1A.’  derivation. 

These  considerations  led  to  adoption  or  the  following  para- 
maters:  n  512;  filters  at  10-1000  Hz  (-IdH  points);  median  nerve 
stimulus  which  iust  produces  a  thumb  twitch;  stimulus  rate,  5/sec; 
three  recording  channels  as  in  Fig.  1.  Preliminary  data  using 
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those  i'omiit  ions  are  summat  i  red  in  Figs.  n  and  7.  It  appears  that 
both  absolute  latencies  and  latencies  rel.it  ive  to  P 1  c>  will  show 
a  ign  i  t  icant  age  tolatod  1 t  etuis .  Use  of  these  potentials  in  the 
assessment  ot  neuropat hology  ha  -  hatdly  begun  (hut  set'  Mastaglia  ot 
al  .  ,  197(>;  Small  et  al  .  ,  T>77;  Hume  ami  Uant  ;  Stockaid  aiul  Shat  * 
brough ,  1978)  ,  and  it  is  t  oi»  eat  ty  t  o  say  which  will  be  useful.  Ot 
the  subcort ioal  component  s ,  P14,  Pin  and  P18  may  prove  less  usetul 
than  the  othets  because  of  difficulty  ot  mcasut  cmcnt  .  P.V  and  P.'n 
may  reflect  cortical  activity  occurting  latet  than  that  gv'nctating 
N20  and  may  not  yield  add  it  ional  inf  ormat  i  on . 

The  l'lOO  component  ot  the  pattern  tovn  sal  YVT  has  pt  oved  useful 
in  detection  of  optic  nerve  patholoqy  of  varying  etiology  (Hallivlay, 
1978)  .  A  diawbaek  of  this  test  i  s  that  plOO  latency  v.it  ies  as  a 
function  of  sovctnl  stimulus  parameters,  primatily  luminance  aiul 
pattein  revet  sal  time.  Analogous  to  t  he  subcot  t  i cal  AIT,  .1  peti- 

pheral  benchmark  component  which  would  paitial  out  the; . fleets 

woulil  be  useful  in  allowing  between- lalx>t  at  ory  use  of  notmat  ive 
data,  a  har.arv.hms  procedure  at  present  (Fig.  HA).  since'  the  opt  ic 
nei ve  is  itself  the  primary  source  ot  abnormality  (assuming  no  loti- 
nal  pathology),  the  FUd  provides  tlie  only  possible  bonchmaik.  'Hie 
b-wave  ot  t  he  FKo  has  boon  rccot  ded  to  patti'rn  level  sal  st  imuli  using 
a  contact  lens  (Armington  et  al.,  19711  but  this  method  is  nv't  teasi 
ble  for  routine  use.  Halliday  et  al  .  (l'>7  0  recorded  a  small  KRU  tv' 

pattein  levers. ll  stimuli  using  a  cant  luis  -  i  n  t  1  a»'i  bi  t  a  1  derivation. 

In  a  numbei  v>t  normal  subject?;  and  pat  ient  s  we  have  attempted  to  it' 
cold  the  KKU.  tiv'm  various  locations  neai  the  eye  but  with  little 
success.  We  agtee  with  Hallivlay  (personal  cviiimun  i  cat  i  on)  that  in 
this  tecotding  situation  the  KRb  i  s  t  v'o  low  in  amplitude  ami  hi  oad 
in  waveform  to  bv'  usetul.  Unfoi  t  unat  oly ,  this  means  that  each  lab- 
oratory  must  const  met  it;;  own  normative  standaids  v'i  avllu'ie  vet  y 

closely  tv>  t  hv'  stimulating  and  recording  conditions  ot  a  label  at  ory 

1 epot t  i ng  such  dat a . 

It  is  cleat  that  l'lOO  latency  can  increase  in  v'ldt'i  pet  sons 
(c.g.  ,  Asselman  v't  al  .  ,  1 9  7  T' ;  Hennerici  et  a  1  .  ,  1977),  but  t  tie  term 
v't  t  h<'  ago*  latency  function  is  not  cleat.  The  data  v't  Kelt  net  v't 
al.  (in  prep.)  (Fig.  88)  suggest  a  gradual  decline  in  latency  tv' 
about  age  SO  with  a  progressive  i  net  ease  t  hot  ea  t  t  v't  ,  whereas  v,Vlosia 
(in  Htait  id  al.,  1**78)  repv'rts  a  progressive  increase  in  latency 
with  age.  Preliminary  results  of  t  hv'  present  .study  (Fig.  88)  do 
not  resolve  t  hv'  question.  The  difference  may  ho  more  appatont  than 
real  and  reflect  t  hv'  small  sample  sires  and  thoii  ago  di  st  1  ibut  ion . 
The  present  data  wore  obtained  using  the  following  conditions  which 
are  ropt  osont  at  i  vo  v't  t  hose  employed  in  previous  work:  N  128 
(2r»f»  it  necessary);  (liters  at  1  -  too  Hr.  (- ld8  points);  intensity 
I7b0  vd  m2  ( l  i  if  h  t  squares),  U'  v'.l  m.'  (datk  squares);  sguatos  subtenvl 
a  visual  anglv'  v't  SO1;  entire  pattern  subtends  It'  ,*  tevet.sal  tato, 
2/«ee;  v'  l  v'vt  lode  l  orations,  Ol  and  02  rofrioneod  tv'  Fs*. .  Hallivlay 


12 


T  ALLISON  ET  AL 


AcU  MAKS 


Fig.  8.  A.  Moan  (letter)  t2  SO  (horizontal  line)  of  VEP  P100  peak 
latency  an  determined  by:  A,  Halliday  et  al.,  107.1;  B,  Halliday 
(in  Ooff  et  al.,  1878);  C,  Shahrokhi  et  al . ,  1078;  D,  Zeese,  1977; 

E,  Celesia  (in  Starr  et  al.,  1978);  F,  Keltner  et  al . ,  in  prep.;  G, 
preliminary  results  of  present  study;  H,  Hennerici  et  al.,  1977; 

I,  Asselman  et  al .  ,  1075.  B.  Age  related  changes  in  VEP  P100. 
Circles:  data  of  Keltner  et  al . ,  in  prep.  Regression  lines  for 

10-50  and  50-80  age  groups  shown.  Crosses:  preliminary  results  of 
present  study.  Latency  differences  in  the  two  studies  are  due  main¬ 
ly  to  differences  in  checkerboard  luminance  and  rapidity  of  pattern 
reversal . 


prefers  locations  slightly  rostral  and  lateral  to  01  and  02;  we  find 
that  Halliday' s  placements  yield  a  P100  whoso  latency  is  equal  to 
or  earlier  than  that  recorded  from  01  and  02  but  whose  amplitude 
is  visually  smaller. 

Using  the  recording  conditions  described  above,  three  replica¬ 
tions  to  stimulation  of  each  ear,  median  nerve  and  eye  can  be  ob¬ 
tained  in  approximately  two  hours  including  hook-up  time.  It  is, 
therefore,  feasible  to  obtain  a  fairly  comprehensive  assessment  of 
the  functional  integrity  of  afferent  sensory  pathways  up  to  or  in¬ 
cluding  sensory  cortex.  However,  proper  interpretation  of  such 
recordings  will  require  adequate  age-related  normative  data  which 
the  present  preliminary  results  suggest  will  bo  complex. 


SUMMARY 

The  early  subcortical  portion  of  five  auditory  and  somatosensory 
evoked  potentials  and  the  P100  component  of  the  pattern  revet  sal 
visual  evoked  potential  are  increasingly  used  in  neurological  assess¬ 
ment.  Review  of  the  current  state  of  such  recordings  suggests  these 


-v. 


evoked  potentials  in  neuropathology 


conclusions:  1.  Recording  of  subcortical  cm 

resolution  techniques  is  recent-  ™  c  components  with  high 

optimal  recording  conditions  or'™  onsensus  has  emerged  regarding 

modality.  This  problem  ic  ZZ  a  "  3  are  not  available  for  any 

to  stimulus  paraLte  a  record^  **  *h#  Sensiti-ty  of  Latency" 
SEP,  latency  variability  In  bcr  I9  condrtions.  3.  In  the  AEP  and 

volley  as  a  "benchmark"  4  Prelimin  ^  US1?g  th<3  periPheral  nerve 
related  latency  chances  aro'  i  y  results  suggest  that  age- 

in  assessing  neurological  dysfunction?"3  mUSt  ^  taken  int°  account 
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INTRODUCTION 

Implicit  in  the  measurement  of  the  averaged  transient  visual 
evoked  potential  (VEP)  is  the  assumption  that  the  visual  system 
returns  to  a  state  of  rest  between  stimuli.  A  signal  enhancement 
technique  such  as  averaging  should  display  the  signal  which  is 
the  technique  itself.  Hence  the  temporal  characteristics  (stimu¬ 
lus  duration  and  presentation  rate)  of  the  stimulus  regime  should 
be  such  that  the  above  assumption  is  valid,  or  the  averaging 
procedure  may  itself  alter  that  which  it  seeks  to  measure.  A 
lower  limit  to  the  rate  of  stimulation  is  effectively  set  by  the 
stationarity  of  the  background  EEC  (Cohen  and  Sances,  1977),  and 
by  the  difficulty  of  maintaining  a  constant  psychological  state 
over  periods  of  more  than  a  few  seconds.  The  upper  limit  is  set 
by  the  transition  to  a  steady  state  VEP,  when  the  individual  com¬ 
ponents  become  indistinguishable.  Between  these  limits  there  is 
considerable  scope  for  variation.  The  aim  of  this  study  is  to 
investigate  the  dependence  of  the  averaged  transient  VEP  upon 
temporal  stimulus  parameters,  with  particular  reference  to  the 
effects  of  adaptation  upon  the  components  of  the  pattern  VEP. 

Pattern  adaptation  was  demonstrated  by  Gilinsky  (1968)  who 
showed  that  pre-exposure  to  a  patterned  light  flash  raised  the  psy¬ 
chological  threshold  for  perception  of  a  visual  display  of  the  same 
pattern  form  (but  not  others).  That  the  VEP  could  be  affected  was 
shown  by  Blakemore  and  Campbell  (1969)  who  used  prestimulus  adapta¬ 
tion  to  a  pattern  to  produce  a  general  reduction  in  the  amplitude 
of  the  VEP,  the  amount  of  reduction  depending  upon  the  length  of 
time  for  which  the  adapting  pattern  was  presented.  James  and  Jef- 
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froy;:  (1075)  investigated  the  effect  of  pattern  pre-exposure  on  the 
components  of  the  pattern  onset  VKP  and  commented  that  these  effects 
could  bo  observed  in  a  conventional  averaging  run  unless  the  stimulus 
duration  is  a  small  fraction  of  the  interstimulus  interval.  Subse¬ 
quently  Jeffreys  (1077)  showed  how  variations  in  stimulus  duration 
and  interstimulus  interval  could  affect  the  VEP  waveform,  and 
MacKay  (1977)  demonstrated  that  adaptation  effects  could  be  observed 
even  if  the  pro-exposed  pattern  was  formed  by  contrasting  textures. 
Long  stimulus  sequences  might  be  expected  to  accentuate  any  adapta¬ 
tion  effects,  and  a  number  of  authors  have  reported  results  of  such 
statistics . 


METHODS 

Four  subjects  between  26  and  43  years  of  age  participated  in 
these  experiments,  three  males  and  one  female,  two  right-handed  and 
two  lef t-handed.  All  had  normal  visual  acuities  and  visual  fields 
and  all  were  experienced  observers. 

The  visual  stimulus  is  a  television  based  system,  similar  in 
many  respects  to  that  described  by  Arden  et  al.  (1977).  TVo  dif¬ 
ferences  are  worthy  of  note.  The  pattern  generator  has  crystal- 
controlled  synchronization  giving  a  frame  rate  slightly  different 
from  the  mains  and  thus  permitting  frame-locked  stimulus  presenta¬ 
tion  without  mains- locked  artifacts.  Secondly,  it  is  used  with  a 
projection  television  (Advent  Videobeam) .  In  this  study  a  black 
and  white  checkerboard  pattern  was  used  throughout  with  check  sizes 
subtending  either  15' ,  30'  or  60'  of  arc  at  the  subject.  The  screen 
itself  subtended  angles  of  26  (horizontal)  and  20  (vertical).  A 
fixation  spot  produced  by  slightly  incrementing  the  pattern  lumin¬ 
ance  at  the  appropriate  point  was  positioned  at  the  screen  center. 
The  luminance  of  the  bright  squares  was  10  cd  m  “  and  that  of  the 
dark  squares  3.1  cd  m  “  For  pattern  onset  VEPs  the  background 
(i.e.,  interstimulus)  luminance  was  adjusted  so  that  the  integrated 
illuminance  remained  constant  for  both  pattern  and  blan^  display. 

For  flashed  pattern  VEPs  the  screen  was  dark  (0.1  cd  m  *')  between 
stimulus  presentations.  For  pattern  reversal  VEPs  the  luminance 
values  of  adjacent  checks  were  interchanged  at  the  stimulus 
frequency . 

A  silver/silver  chloride  electrode  was  used,  positioned  2.5 
cm  above  the  inion  on  the  midline  and  referenced  to  a  similar 
electrode  placed  midf rontally  (as  Michael  and  Halliday,  1971). 
Earlobes  were  grounded.  The  bandwidth  of  the  (Medelec  Van  Gogh) 
amplifier  was  0.1  -  35  Hz,  and  the  signals  were  averaged  on  a 
Nicolet  MED-80  minicomputer  using  a  simple  amplitude  criterion  for 
artifact  rejection.  Raw  data  was  also  recorded  on  magnetic  tape. 
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For  experiments  involving  variation  ot  either  stimulus  dura¬ 
tion  or  intot  ;t  imulur.  interval  an  average  ot  n-1  Vl-Ts  was  taken.  The 
various  different  values  ot  independent  variable  were  presented  to 
the  subject  over  a  number  of  sessions  in  a  balanced  square  design 
as  appropriate.  The  procedure  was  replicated  for  each  stimulus  mode 
and,  where  used,  for  each  different  check  size.  For  experiments 
involving  long  term  adaptation  a  run  of  BOO  stimulus  presentations 
was  used;  each  presentation  mode  and,  where  applicable,  check  size 
was  presented  to  each  subject  on  three  separate  occasions.  Subjects 
were  seated  in  a  dimly  illuminated  room  (illuminance  at  the  subject 
equal  to  the  stimulus  illuminance  used)  and  allowed  to  adapt  to  this 
level  for  a  period  of  ten  minutes  in  order  for  the  effect  of  dark 
adaptation  upon  the  VKr  to  become  stable  (Klingaman,  l''7e).  Subjects 
were  instructed  to  count  the  number  of  stimulus  presentations  in  an 
attempt  to  maintain  a  constant  level  of  attention.  Binocular 
stimulation  was  used  throughout. 


RESULTS 

For  pattern  onset  and  flashed  pattern  VF.ps  three  peaks  are 
always  clearly  visible:  a  positive  peak  at  100-120  msec  latency,  a 
negative  peak  at  130-150  msec  and  a  second  positive  peak  at  200-220 
msec.  They  are  taken  to  be  components  I.  II  and  III  as  described  by 
Jeffreys  (l‘)72),  Lesevre  and  Kemond  (1''72)  and  Spekreijse  et  al  . 
(1071).  Differences  in  latency  are  assumed  to  be  due  to  differences 
in  luminance  and  contrast  of  the  patterns  used  by  different  authors. 
It  is  expected  that  the  latencies  in  this  study  will  be  relatively 
long  since,  although  a  high  contrast  pattern  is  used,  the  luminance 
is  relatively  low.  For  pattern  reversal  responses  a  single  positive 
peak  at  approximately  100  msec  latency  is  predominant,  although  in 
some  subjects  negative  peaks  on  either  side  of  it,  and  even  a  second 
positive  peak  at  around  200  msec  latency  are  seen  with  varying 
degrees  of  clarity.  The  100  msec  peak,  as  described  by  Hallidav  and 
Michael  (l''7o)  is  used  as  the  measure  in  this  study.  If  if  is  assumed 
that  these  components  may  represent  distinct  cortical  processes,  then 
it  is  essential  to  measure  their  amplitudes  independently;  peak-to- 
peak  measures  will  always  confound  the  properties  of  two  components. 
It  is  thus  necessary  to  define  a  suitable  baseline,  and  in  this 
work  if  was  taken  to  be  the  mean  value  of  VFP  recorded  in  the  first 
40  msec  after  stimulus  presentation.  The  notations  01 ,  Oil  and  01 II 
will  be  used  hereafter  to  apply  to  the  positive  100-120  msec,  nega¬ 
tive  130-150  msec  and  positive  200-220  msec  peaks,  respectively,  as 
measured  from  this  baseline.  rl00  will  be  used  for  the  predominant 
peak  in  the  reversal  VEPs. 

Experiment  (i) 

The  effect  of  different  stimulus  duration  upon  component 
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Stimulus 


Fig.  1.  The  effect  of  stimulus  duration.  The  left  half-figure 
shows  (single  subject)  flashed  pattern  VI'Ps  for  stimulus  durations 
of  50,  100,  200  and  500  msec  with  a  constant  interstimulus  interval 
of  500  msec.  positivity  is  up.  The  right  half-figure  shows  compo¬ 
nent  amplitude  as  a  function  of  duration  (mean  across  subjects  and 
sessions) .  15'  checks  were  used. 


amplitudes  was  investigated  for  a  fixed  interstimulus  interval  of 
500  msec  using  flashed  pattern  presentation  of  a  15’  check. 

The  VEPs  obtained  (Fig.  1)  show  an  increase  in  the  amplitude  of 
Cl  and  a  clear  decrease  in  the  amplitude  of  CII,  with  increasing 
stimulus  duration;  changes  in  CIII  are  less  marked.  A  description 
of  the  behavior  of  Cl  is  possible  using  the  concept  of  "residual 
contrast"  which  is  present  at  stimulus  onset  due  to  the  incomplete 
disappearance  of  contrast  representation  from  the  previous  stimulus 
presentation.  Such  a  mechanism  was  proposed  by  Spekreijse  et  al. 
(1973).  They  also  demonstrated  that  the  VFP  to  an  increase  in 
standing  contrast  may  be  treated  as  a  pattern  onset  VFP  with  its 
starting  point  part  way  up  ^..e  amplitude  vs  contrast  curve, 
providing  the  standing  contrast  does  not  produce  appreciable 
adaptation.  Since  the  component  amplitude  reaches  zero  whilst  there 
is  still  some  contrast  present,  it  is  possible  for  a  small  standing 
contrast  to  produce  an  increase  in  amplitude.  Hence  it  could  be 
postulated  that  for  Cl  there  is  a  small  residual  contrast,  the 
magnitude  of  which  increases  with  stimulus  duration  but  remains  sub¬ 
threshold  under  the  conditions  of  the  experiment.  The  behavior  of 
CXI  is  indicative  of  adaptation  with  an  integrative  adaptation 
process.  Although  the  data  are  few,  regression  analysis  provides 
a  good  fit  to  an  exponential  relationship  (correlation  coefficient 
>  0.99)  with  an  adaptation  time  constant  of  approximately  200  msec. 
CIII  shows  an  insignificant  amplitude  increase  with  duration 
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increase,  which  could  be  interpreted  as  evidence  of  adaptation 
obviating  the  residual  contrast. 


Experiment  (ii) 

An  alternative  way  of  examining  the  same  effects  is  to  keep 
the  stimulus  duration  constant  and  vary  the  interstimulus  interval. 

In  the  first  instance  this  was  carried  out  using  a  flashed  pattern 
stimulus  of  200  msec  duration  with  intervals  from  0.3  sec  to  4.0 
sec.  The  duration  of  200  msec  was  chosen  so  that  the  pattern  off¬ 
set  response,  which  was  clear  in  some  subjects  (but  absent  in 
others) ,  was  sufficiently  delayed  with  respect  to  the  components 
being  measured,  so  as  not  to  interfere  with  them.  Check  sizes  of 
15' ,  30'  and  60'  of  arc  were  used. 

Examination  of  the  VEPs  (Fig.  2)  shows  a  clear  and  steady 
increase  in  CII  with  increase  in  interstimulus  interval.  The 
changes  in  both  of  the  positive  components  are  less  marked.  The 
relationship  between  check  size  and  component  amplitude  is  as 
previously  described  (Barber  and  Galloway,  1976),  with  Cl  maximized 
for  large  checks  and  CIII  for  small;  this  relationship  holds  over 
the  whole  range  of  intervals  tested.  For  each  component  at  each 
check  size  the  graph  has  a  bifid  form,  suggesting  the  involvement 
of  more  than  one  process.  For  Cl  and  CIII  the  bifid  nature  is  much 
more  apparent  for  the  larger  checks.  The  initial  peaks  in  the  curves 
for  Cl  may  be  explained  by  means  of  the  residual  contrast  model  used 
previously.  If  the  responses  to  medium  rate  stimulation  are 
unsaturated,  the  effect  of  high  values  of  residual  contrast  will  be 
to  cause  saturation  and  decrease  the  VEP  amplitude;  this  condition 
will  apply  for  very  short  interstimulus  intervals.  As  the  interval 
is  increased  the  amount  of  residual  contrast  will  decrease,  and  a 
point  will  be  reached  where  it  becomes  subthreshold.  This  corres¬ 
ponds  to  the  initial  maximum  on  the  curve.  Thereafter,  as  the 
residual  contrast  becomes  further  subthreshold,  the  component 
amplitude  will  decrease  until  it  reaches  a  steady  value  at  the 
interval  for  which  no  residual  contrast  remains.  The  shape  of  the 
curve  for  intervals  in  excess  of  this  value  is  not  in  good  agreement 
with  the  model;  one  possible  source  of  error  may  be  the  presence 
of  luminance  related  effects  due  to  the  flashed  pattern  presentation. 
The  more  marked  effect  for  larger  checks  for  both  Cl  and  CIII  is  in 
agreement  with  the  findings  of  Kulikowski  (1977) ,  who  has  shown  that 
the  contrast  threshold  is  higher  for  patterns  of  low  spatial  fre¬ 
quency.  The  curves  for  CIII  are  similar  in  form  to  those  of  Cl, 
and  the  initial  part,  at  least,  could  be  explained  in  terms  of 
residual  contrast  attenuated  by  adaptation.  The  apparent  shift  of 
the  first  peak  towards  a  shorter  value  of  interstimulus  interval 
would  be  in  agreement  with  this,  as  would  the  more  pronounced  slope 
for  the  larger  checks.  The  minimal  net  effect  for  the  small  checks 
might  account  for  the  insignificant  variation  in  CIII  in  the  previous 
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interval:;  in  ordei  to  tty  to  determine  t  ho  int  rival  at  which  Dll 
levels  off.  The  st  imulus  iiur.it  ion  wa-  increased  tv'  SOD  wmv  so  that 
the  response  recorded  wa-  put  t'  pat  t  ei  n  onset  ,  In  ot  hei  i  espoct  •*  the 
procedure  was  identical  to  that  used  tv't  the  previous  pat  t  ot  tin  . 
t'Xpi't  iinrnt  except  that  only  one  check  siy.e  (  to*  )  wa--  used. 

The  results  (Fig.  1)  show  that  1 01  01  there  is  detinitely  a 
luminance  eont  ribut  ion.  With  this  i  emoved ,  t  hi'  residual  adaptation 
niOi.lt'  l  describes  t  lu'  curve  well.  I'oi  shv'i  t  i  nt  ei  st  imul  us  int  rival?, 
it  also  describes  the  curve  fot  Ol  l  1  ,  but  1 01  t  h«'  longei  int  rivals 
t  In*  amplitude  of  this  component  N'gins  tv'  decrease.  Fxaminat  ion  ot 
out  VKPs  suggest  s  that  01 1 1  may  lx'  composed  of  two  peaks  which  air 
not  resoivevl  at  normal  intervals,  but  which  are  visible  tv't  a  very 
loiKj  interval.  Hence  the  peak  nv'rmally  measured  may  !>e  a  •aimmat  ion 
v>t  two  peaks.  The  length  of  time  1 01  which  residual  contiast  pel  - 
si  sts  shows  an  iiuae-ise  compaied  with  t  hi'  t lashed  pattein  v-iuvcs. 
Tins  is  vim'  tv'  the  uune.n-e  in  st  imulus  dui  at  iv'n  t  t  om  *00  msiv  tv' 

S00  msec,  and  the  size  v't  increase  i  s  in  .jv'v'vl  ag  i  ei'mi'nt  with  t  he 
.'00  msec  adapt. at  ion  t  ime  v'onst  ant  »h'i  ived  eat  1  i<'i  .  The  curve  t  oi 
Oil  is  unchanged;  t urthormove ,  the  rate  v't  i  net  ease  in  amplitude  is 
unchanged,  even  toi  intervals  a-  tong  as  °  msec. 

I  ti  all  the  work  descr  ibed  thus  tar,  ••  t  i  mu  l  us  present  at  iv'n  has 
betM\  regular,  ami  there  remains  the  poss  i  hi  1  i  t  y  that  tin-  ingtil.uity 
itself  int  luenoos  the  Y1T.  Tin'  expei  iment  was,  thetefote,  i  1'pi'at  r.l 
using  a  sovio--.  of  i  andom  i  nt  i'i  st  imul  u-  inteivals,  each  with  a  mean 
value  equal  t  o  one  ol  the  values  ot  intervals  used  pioviouslv  and  a 
range  v't  »  r>0^  v>f  this,  value.  Th<'  ii'sults  show  a  similai  rel.it  ion- 
sh  ip  t  v'i  the  pos.it  ivi'  component  as  has*  been  obtained  previously. 

For  Ol 1 ,  however,  whilst  there  i s  st  i 1 1  a  cleai  increase  in  ampl i 
t  uvit'  with  interval,  tin*  hit  id  form  obtained  t»u  rcgulai  pi  esent  at  i  v'ti 
is  not  discernable .  Oli'.uly,  regularity  has  an  ef  t  ect  ,  though  it 
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is  not  clear  whether  this  is  due  to  physiological  or  psychological 
factors;  controlling  t empora 1  uncertainty  by  means  of  an  "interval 
indicator"  modifies  the  latter  part  of  the  CI1  curve  but  nothing  else 

The  basic  experiment  was  also  carried  out  using  regular  stim¬ 
ulus  periods  for  pattern  reversal  responses.  in  this  case  the  P100 
component  was  measured,  being  the  only  component  recognizable  in  all 
cases.  The  largest  response  was  obtained  from  a  subject  from  whom 
we  have  consistently  been  unable  to  obtain  an  offset  VEP.  This 
suggests  that  reversal  VEPs,  obtained  by  a  television  stimulus  may 
be  similar  to  those  described  by  Jeffreys  (1977)  for  tachistoscope 
presentation  as  opixised  to  those  obtained  by  pattern  movement.  The 
dependence  of  P100  on  interstimulus  interval  was  slight  and  varied 
from  subject  to  subject.  In  some  there  was  a  slight  increase  in 
amplitude  with  increase  in  period;  in  others  a  slight  decrease. 
Overall,  no  adaptation  effects  were  observed  for  reversal  VFPs .  It 
is  not  possible  to  tell  from  this  experiment  whether  pattern  reversal 
fails  to  stimulate  those  components  which  are  subject  to  adaptation 
or  whether  the  constant  presence  of  the  pattern  simply  adapts  them 
out. 


Experiment  (iii) 

Whereas  the  previous  experiments  have  been  concerned  with 
processes  occurring  with  individual  stimulus  presentations  and 
interstimulus  intervals,  the  final  experiment  is  aimed  at  demon¬ 
strating  the  effects  of  these  processes  as  observed  over  large 
numbers  of  stimulus  presentations.  There  are  two  reasons  for  doing 
this.  One  is  that  any  small  effects  may  thereby  become  more 
apparent.  The  other  is  to  test  the  predictions  of  the  model  derived 
for  the  adaptation  and  recovery  of  Oil.  A  system  with  exponential 
adaptation  and  linear  recovery  characteristics  gives  a  value  for  the 
amplitude  of  the  VEP  to  the  nth  stimulus  which  converges  quite 
rapidly  to  a  steady  value  as  n  increases  from  zero  and  thus  predicts 
a  rapid  decrease  in  amplitude  followed  by  a  constant  amplitude  Vpp. 
The  actual  rate  of  convergence  in  any  given  set  of  conditions  will 
depend  upon  the  values  of  the  parameters  used;  witli  values  obtained 
in  this  study  a  steady  value  is  predicted  after  approximately  five 
stimuli.  tong  sequence  experiments  were  carried  out  on  each  subject 
using  flashed  pattern,  pattern  onset  and  pattern  reversal  stimulus 
modes.  In  the  case  of  flashed  pattern,  small  (15’)  and  large  (60') 
checks  were  used.  For  pattern  onset  and  pattern  reversal,  medium 
(.10')  checks  were  used.  The  VEPs  were  evaluated  simply  by  averaging 
contiguous  blocks  and  producing  plots  of  amplitude  vs  block  number. 
In  the  first  instance  12  VEPs  were  averaged  per  block. 

The  results  for  each  of  the  different  components  and  stimulus 
presentation  modes  are  shown  in  Fig.  •! ,  except  that  1  lie  graphs  for 
pattern  onset  and  flashed  pattern  presentation  are  very  similar  and 
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Pattern  reversal  PI  00 


Flashed  pattern  Cl 


Flashed  pattern  Cl  I 


Flashed  pattern  Cl  1 1 


Flashed  pattern  Cl  I 
Hall-block 


Fig.  4.  Variation  in  component  amplitude  during  a  long  stimulus 
sequence  for  pattern  reversal  and  flashed  pattern  VEPs.  Each 
contiguous  block  contains  32  VEPs.  p0j;  the  last  graph  there  are 
16  VEPs  per  block,  and  these  have  been  plotted  as  "half  blocks"  to 
preserve  the  time  scale  for  the  figure. 


are  not  shown  separately.  for  reversal  VEPs  the  ”100  component 
remains  unchanged  over  the  long  sequence.  For  pattern  onset  and 
flashed  pattern  VEPs  Cl  shows  no  overall  change  in  amplitude,  and 
this  is  independent  of  check  size.  CII  shows  a  gradual  decrease 
in  amplitude  which  is  described  reasonably  well  by  an  exponential 
function  (correlation  coefficient  0.06).  The  rhythmical  super¬ 
imposed  fluctuations  were  more  marked  for  pattern  onset  VEPs  and 
increased  in  amplitude  witli  time;  they  may  be  due  to  variations  in 
attention.  CII  shows  a  sharp  initial  drop  and  then  remains  essen¬ 
tially  constant.  This  is  clearly  visible  for  each  check  size  for 
each  subject.  A  block  size  of  32  is  a  rather  coarse  measure,  and 
so  one  set  of  data  was  recalculated  for  blocks  of  sixteen  (smaller 
block:  than  this  give  inadequate  signal  enhancement).  The  initial 
amplitude  drop  and  subsequent  stabilization  become  more  apparent. 


DISCUSSION 

The  main  findings  from  this  work  are  that  the  amplitude  of  each 
component  of  the  averaged  VEP  is  affected  to  some  extent  by  the 
temporal  properties  of  the  stimulus  regime;  since  they  are  differ- 
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entially  affected,  changes  in  wav*' form  arc  produced.  The  behavior 
of  Cl  may  Lie  explained  in  terms  of  saturation  induced  by  residual 
contrast;  Cl  does  not  appear  to  be  subject  to  adaptation  at  all. 

CIII  adapts  slowly,  and  the  effects  of  this  are  visible  only  after 
a  fairly  large  number  of  stimulus  presentations.  The  behavior  of 
Cll  is  quite  different:  it  adapts  quickly  and  reaches  a  stable,  and 
considerably  reduced,  amplitude  in  a  small  number  of  presentations. 
These  findings  are  in  general  agreement  with  those  of  dames  and 
Jeffreys  (1976)  but  differ  in  the  degree  of  attenuation  found  in 
cm.  This  may  be  due  to  the  length  of  pre-exposure  used;  a  long 
pre-exposure  would  increase  the  adaptation  of  Cl  1 1  reliitive  to  Cll. 

An  alternative  explanation  is  suggested  by  Jeffreys’  data  (1077) 
from  which  it  appears  that  Ctrl  amplitude  is  relatively  constant 
except  for  a  single  condition  (loot  contrast,  76  msec  duration), 
which  may  be  anomolous. 

A  number  of  other  studies  have  produced  results  which  are 
compatible  with  the  residual  contrast  model,  although  comparisons 
of  data  can  only  be  made  with  caution  as  most  previous  work  has  been 
carried  out  on  flash  VRPs,  often  with  different  electrode  placements 
and  invariably  with  peak  to  peak  measures  of  ampl itudi  .  Differences 
between  vortex  and  occipital  VKPs  were  pointed  out  by  Lehtonen  (1971), 
particulary  for  Cll  (his  Nl)  .  Me  also  noted  that  this  component 
increased  in  amplitude  in  the  presence  of  stimulus  contour.  In  fact, 
the  amount  of  contour  used  -  simply  the  rectangular  Ixnmdary  of  the 
stimulus  screen  -  was  very  small  and  approximates  to  the  blank  flash 
stimulus  used  in  the  present  study.  This  does  emphasize  the  point 
that,  although  the  difficulties  of  producing  a  pattern  VHP  uncontami¬ 
nated  bv  luminance  components  are  well  known  it  is  also  difficult 
to  produce  a  luminance  VF.P  free  of  pattern  components.  Hence 
many  supposedly  flash  Vl’Ps  do  contain  recognizable  con  tout  compon¬ 
ents,  in  some  cases  enough  to  permit  comparisons  with  pattern  V'-'l's 
to  be  made.  An  initial  peak  similar  to  that  ascribed  to  residual 
contrast  in  the  data  presented  here  is  present  in  the  data  of  Meeaeei 
and  Spinelli  (1976)  who  measured  VHP  amplitude  (steady  state, 
sinusoidal  grating,  reversal  VRe)  as  a  function  of  recovery  time 
after  adaptation  to  a  similar  high  contrast  pattern.  Residual 
contrast  may  also  bo  involved  in  the  enchancement  of  V'J'  by  pre¬ 
exposure  to  conditioning  (adapting)  lights,  which  was  described  by 
Kitajima  et  al.  (1976).  Although  their  data  relates  to  flash  Vt-h's 
a  component  corresponding  to  CII  is  clearly  visible  and  markedly 
affected  by  adaptation.  An  effect  due  to  stimulus  regulat ity  is 
indicated,  but  its  origins  are  not  resolved.  "'he  effects  of 
attention  and  expectation  on  l'n  amplitudes  are  well  documented 
(e.g.,  Squires  et  al.  ,  1976),  and  in  this  study  i'll  amplitude  for 
lonq  interstimulus  intervals  was  modified  by  controlling  temporal 
uncertainty.  However,  psychological  vaiiables  seem  unlikely  to  ho 
involved  for  the  early  parts  of  the  graphs.  The  value  of  intor- 
stimulus  interval  at  which  the  slopes  change  is  not  correlated  with 
any  subjective  temporal  performance  criteria  such  as  an  in  tanta- 
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neous/durabie  transition  (Sorviero  et  al. ,  1977),  optimum  interval 
estimation  (Woodrow,  1934)  or  loss  of  sense  of  rhythm  (Praise,  1956), 
whilst  it  is  increased  by  an  increase  in  previous  adaptation  time. 
Hence  a  physiological  explanation  is  indicated.  If  the  contention 
of  Basar  et  al.  (1975),  that  pes  mostly  result  from  frequency 
stabilization  of  spontaneous  activity,  triggered  by  stimulation, 
is  correct,  then  this  may  reflect  the  different  effectiveness  of 
regular  as  opposed  to  irregular  stimulation  in  frequency  stabiliza¬ 
tion.  The  findings  from  the  long  stimulus,  sequences  confirm  the 
predictions  of  component  behavior  derived  from  the  data  of  the 
short  term  experiments,  and  other  authors  have  demonstrated  similar 
results  (for  example,  Arming  ton,  1964;  baurian  and  flail  lard,  1976; 
Shipley  and  Hyson,  1977).  Shipley  and  Hyson  discuss  the  shape  of 
the  attenuation  curve  (for  various  modalities)  and  suggest  that  it 
becomes  more  nearly  a  duplex  function  as  stimulus  rate  is  increased. 
Our  results  show  that  for  pattern  VEPs  the  initial  decrease  will  be 
steeper  for  shorter  interstimulus  intervals  accentuating  the  break 
between  the  Cll-dominated  and  Cl I I-dominated  parts  of  a  curve  of 
peak-to-peak  amplitude.  This  is  in  agreement  with  their  suggestion. 

These  results  show  what  is  well  known  to  anyone  who  has 
watched  VEPs  being  averaged:  the  first  response  is  invariably  much 
larger  than  subsequent  ones,  and  the  conclusions  to  be  drawn  are  of 
practical  significance.  Attempts  to  choose  temporal  stimulus 
parameters,  such  that  the  measurement  procedure  itself  produces  no 
adaptation  effects  on  the  VEP,  are  likely  to  be  unsuccessful. 
Generally  Cl  will  exhibit  no  adaptation  effect,  and  C1I1  little. 

CII,  on  the  other  hand,  will  be  subject  to  rapid  initial  adaptation, 

and  the  use  of  a  very  long  interstimulus  interval  to  avoid  this 
will  increase  the  likelihood  of  psychological  variations,  to  which 

this  component  is  also  shown  to  be  subject.  A  practical  procedure 

would  be  simply  to  discard  the  VEPs  to  the  first  six  or  so  stimuli. 

In  this  way  a  stably  adapted  VEP  will  be  obtained. 


SUMMARY 


The  effect  of  adaptation- type  processes  upon  the  waveform  of 
the  transient  visual  evoked  potential  (VEP)  was  investigated  in 
normal  subjects  using  flashed  pattern,  pattern  onset  and  pattern 
reversal  stimuli.  A  checkerboard  pattern  was  used  with  check  sizes 
of,  variously,  15',  30'  or  60'  of  arc.  Changes  in  amplitude  of  the 
individual  components  of  the  VEP  were  measured  as  a  function  of 
stimulus  duration  and  interstimulus  interval  (flashed  pattern  and 
pattern  onset)  or  stimulus  period  (pattern  reversal).  For  pattern 
onset  VEPs  both  regular  and  random  interstimulus  intervals  were 
used.  Each  component  was  shown  to  have  some  dependence  upon  temporal 
stimulus  parameters,  although  a  marked  adaptation  effect  occurred 
for  only  one.  The  variation  in  component  amplitude  as  a  function 
of  interstimulus  interval  had,  in  each  case,  a  bifid  form,  indicat- 
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ing  the  involvement  of  more  than  one  physiological  process.  There 
was  also  some  dependence  upon  check  size.  The  findings  were  used 
to  describe  the  behavior  of  component  amplitude  in  an  averaging  run, 
and  the  validity  of  this  description  was  tested  by  investigating 
variations  occurring  during  a  long  stimulus  seqvience. 
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Certain  aspects  of  language  have  been  hypothesized  to  be  pro¬ 
cessed  in  different  cortical  areas  or,  at  least,  by  different  neural 
elements.  The  most  obvious  example  is  the  classical  differentiation 
of  the  speech  disorders  associated  with  frontal  or  temporal-parietal 
lesions  of  the  dominant  hemisphere,  i.e.  expressive  versus  receptive 
language  disorders.  More  specific  disturbances  have  been  reported 
which  showed  impairment  of  word  finding  predominantly  concerning 
nouns  in  some  patients  and  verbs  in  other  patients  (Kleist ,  1934; 
Brown,  1^70).  Nouns  and  gr.  unmat  ical  words  have  been  reported  to  be 
differentially  affected  by  anterior  and  posterior  lesions  in  patients 
with  anemia  (Brown,  197J). 

Recent  research  (Brown  et  al . ,  1973;  197o,  in  preparation; 

Marsh  and  Brown,  1977)  has  shown  that  different  contextual  meanings 
ot  homophone  words  evoke  waveform  differences  in  scalp  recorded 
event  related  potentials  (KRPs) .  For  example,  responses  to  the 
word  'led/  in  the  ambiguous  phrase  "it  was  /'led/"  differed  reli¬ 
ably  depending  on  whether  subiocts  had  been  instructed  to  perceive 
the  stimulus  word  as  "led"  or  "lead".  Principal  component  analysis 
of  the  data  from  this  experiment  showed  that  individual  components 
of  the  evoked  responses  exhibit  maximal  differences  between  word 
meanings  at  different  electrode  sites  (Brown  et  al.,  in  prep.). 

These  data  indicate  that  the  evoked  potential  correlates  of  the 
processing  of  meaning  in  speech  are  a  complex  interaction  between 
the  particular  KRP  component ,  its  amplitude  and  scalp  topography. 

The  present  papei  investigates  the  scalp  topography  of  responses 
evoked  by  different  meanings  of  homophones.  In  the  simplest  case, 
the  activity  of  different  neural  populat ions  involved  in  processing 
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homophone  nouns  and  vert's  would  he  ref  looted  by  different  locat ions 
of  maximal  and  minimal  values  of  evoked  scalp  K1V.  fields.  The  main 
features  of  KKO  scalp  fields  are  simple  (Lehmann,  1  *>"3 1 ;  1977; 

Lelimann  et  al  .  ,  1978;  Ragot  et  al.,  1H78).  Theii  principal  charac¬ 
teristics  at  a  moment  in  t  ime  c.in  hi'  desci  ihed  hy  t  hi'  location  of 
the  maximal  and  minimal  field  values  (Lelimann,  l'r'l;  197  7). 

One  important  advantage  of  the  study  of  KKP  topographies , 
rather  than  waveforms  rei-orded  at  individual  electrodes,  is  that 
the  problem  ot  the  reference  electrode  can  he  avoided.  The  loca¬ 
tion  ot  the  field  maximal  and  minimal  values  and  the  gradients 
within  the  field  are  not  influenced  by  the  choice  ot  reference 
electrode .  Only  the  average  field  value  will  he  affected  by  the 
reference.  Thus,  analyses  which  utilize  locut ions  of  extreme 
field  values  oi  othei  aspects  of  the  topography  are  unambiguous 
relative  to  the  behavior  of  the  reference. 

We  chose  to  investigate  the  t opographi c.il  differences  evoked 
hy  noun-verb  homophones  when  given  specific  meaning  by  the  context 
of  the  sentence  m  which  they  occur.  In  order  to  ensure  that  the 
results  would  be  general i. table  to  verbs  and  nouns  in  different 
languages,  one  stimulus  paradigm  was  Knqlisll  and  the  othei  Rwiss- 
dermun:  “a  pretty  rose"  and  "the  boatman  rows";  and  "e  sehfhii 
chi  mi  Rlttllgo"  (a  pretty  little  fly)  and  "on  Vogel  chunnt  d'fltUlge" 
(a  bird  comes  flying).  The  meanings  of  "rose"  and  "flfUlge"  m 
these  two  pairs  of  sentences  not  only  contain  noun-verb  syntactic 
di  f  t  ei  enct’s  ,  hut  also  connotative  meaning  differences  te.g.,  guiet- 
active  states). 

The  test  sentences  were  tape  recorded,  and  the  same  stimulus 
word,  with  an  associated  trigger  pulse  on  a  second  channel,  was 
spliced  into  the  two  sentences  from  each  paradigm.  This  ensured 
that  the  homophone  words  in  each  sentence  pair  were  exactly  the 
Siime  physical  stimulus.  A  tape  loop  was  used  for  recording 
repetitive  sentence  presentations. 

To  rule  out  any  effects  caused  by  acoustic  differences  between 
that  portion  of  the  test  sentences  which  preceded  the  stimulus 
word,  a  blurred  but  speecli-like  modulated  tone  sequence  was  pro¬ 
duced,  i.e.,  a  ‘>00  He  tone  was  amplitude  modulated  using  a  rectified 
and  low  pass  filtered  original  test  sentence.  The  resulting  sound 
sequence  was  not  understood  by  six  different  evaluators:  upon  sug¬ 
gestion  of  wordings  ("e  schihii  chi  ini  Kltldge"  or  "on  Vogel  chunnt 
z'fltttlge")  either  wording  was  judged  to  be  equally  likely.  Thus, 
depending  on  the  instructions  to  t  tie  subject,  the  identical  de¬ 
graded  speech  stimulus  could  elicit  a  noun  or  verb  int et prot at  ion. 
Hence,  any  differences  in  brain  responses  to  t ho  imagined  meanings 
lx-  exclusively  cortical  responses. 
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The  31  subjects  were  all  right-handed,  healthy  females  (age 
16-35).  The  English  sentences  were  presented  to  seven  native 
Eng  1 1  sh  speaking  subjects  and  the  Swiss-German  sentences,  as  well 
as  the  blurred  sentences,  to  native  Swiss-German  speaking  subjects 
(seven  in  each  group) . 

Electrodes  were  attached  m  a  transverse  3  X  -J  array,  centered 
around  the  vertex  with  5  cm  between  electrodes  (Fig.  1).  Additional 
electrodes  were  attached  on  the  two  earlobes,  the  outer  canthi  of 
the  eyes  and  in  eleven  subjects,  above  and  below  the  left  eye. 

EEG  data  from  the  scalp  and  left  ear  were  recorded  in  thirteen 
channels  against  the  right  ear  and  lateral  and  vertical  eye  move¬ 
ments  were  recorded  on  two  additional  channels.  A  bandpass  of  0.3 
to  TO  He.  (e  db  down)  was  used.  The  A  b  rate  was  25t>  s/sec.  The 
data  for  each  run  were  averaged  on  line. 

After  electrode  attachment,  the  subjects  were  comfortably 
seated  in  an  electrically  shielded  and  sound-attenuated  chamber 
and  instructed  about  tire  experiment.  They  were  asked  to  listen  to 
the  sentences,  and  particularly  to  attend  to  the  meaning  of  the 
test  words  in  the  specific  sentence  context.  Subjects  were  also 
askt'd  to  keep  their  eyes  closed  during  recordings.  A  loudspeaker 
was  positioned  1 . 5  m  behind  the  subject.  There  was  a  low  level 
continuous  background  random  noise  (50-2000  Ho).  The  sentences 
had  a  peak  intensity  of  70  db  at  the  subjects'  ears.  In  each  re¬ 
cording  run  a  sentence  was  presented  thirty  times  (4.o  sec  cycle 
time  for  the  English  and  5.0  sec  cycle  time  for  the  Swiss-German 
and  degraded  sentences).  After  a  pause  of  2.5  min,  the  next  run 
presenting  the  other  sentence  was  begun,  and  so  on  until  each 
sentence  had  been  used  in  seven  runs.  On  each  run,  the  subject 
was  told  via  intercome  to  get  ready  for  sentence  presentation,  and 
data  collection  was  started  after  the  first  sentence. 

Eoi  each  subject,  evoked  potentials  in  all  channels  were 
averaged  (N  30)  during  seven  runs  with  each  of  the  two  stimulus 
sentences  (seven  runs  with  each  meaning  in  the  case  of  the  degraded 
speech  stimulus).  The  averaging  procedure  was  started  at  the  onset 
of  the  homophone  word,  using  the  trigger  pulse  on  the  audio  presenta¬ 
tion  tape.  Average  evoked  potentials  to  words  in  sentence  context, 
although  small,  have  identifiable  waveforms  (Fig.  2).  Each  of  the 
resulting  fourteen  sets  of  twelve  scalp  recorded  averaged  evoked 
potentials  was  transformed  into  sequences  of  maps  of  scalp  field 
distributions  (see  examples  in  Fig.  1)  for  forty  analysis  times  in 
intervals  of  15. e  msec  between  33  and  e42  msec  after  stimulus  onset. 
In  each  field  map,  the  locat ion  of  the  electrode  with  the  maximal 
and  minimal  potential  value  was  determined.  For  further  data 
analysis,  only  this  reference-free  information  on  location  was  used. 
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Electrode  Array 


Noun  Field 


Verb  Field 


Kis).  1.  Scalp  electrode  array  (interelectrode  distances  of  5  cm) 
and  sample  scalp  field  distributions  evoked  by  noun  (left)  and  verb 
(tiijht),  12t>  ms  after  word  onset.  Fields  are  a  mean  of  210  re  spoils 
in  one  subject.  Field  lines  are  linearly  interpolated  between  elec 
trode  positions.  Note  maximal  and  minimal  field  values  ("+"  and 
respectively). 
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Maximum 
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Fig.  3.  Relative  positions  of  maximal  (left)  and  minimal  (right) 
values  of  verb  fields  (dots) ,  plotted  in  spatial  reference  to  noun 
field  maximal  and  minimal  values  (at  origin  of  coordinate  systems). 
The  data  are  median  locations  of  maximal  and  minimal  values  in  each 
of  the  seven  subjects  of  one  experimental  group  at  analysis  time 
126  msec  after  word  onset.  Scale  markers  indicate  one  interelectrode 
distance.  Dashed  line  with  arrow  shows  the  discriminant  angle. 
Significance  of  the  discriminations  shown  are  p  =  .249  for  maxima, 
and  p  =  .046  for  minima  (Wilcoxon  tests,  one  tailed).  (From  Brown 
and  Lehmann,  in  prep.) 


180  degrees  for  maximal  field  values,  and  approximately  0  (or  360 
degrees  for  minimal  values,  although  there  is  considerable  variance 
at  different  analysis  times. 

The  180  degree  angle  indicates  a  posterior  location  of  the 
verb  maxima  referred  to  the  noun  maxima,  and  the  360  degree  angle 
for  minima,  the  opposite  relationship.  Chi-square  tests  for  non¬ 
randomness  of  the  histograms  at  the  bottom  of  Fig.  4  were  signif¬ 
icant  for  all  three  groups  for  the  minima  (English  and  Swiss, 
p<.001;  Imagined,  p<.01)  and  two  of  the  three  groups  for  the 
maxima  (English,  p<.02;  Imagined,  p<.01;  but  Swiss,  p<.10). 

If  we  examine  changes  over  time  by  summing  over  only  ten 
analysis  times  across  the  three  groups  (Fig.  4,  "All  subjects") 
and  test  for  significant  departure  of  the  distribution  from  a 
random  distribution,  it  becomes  evident  that  the  locations  of  the 
maxima  are  clearly  separate  in  the  two  stimulus  conditions  in  an 
anterior-posterior  direction  (angles  between  135  and  225  degrees) 
during  about  the  first  174  msec  after  stimulus  onset,  and  the  loca¬ 
tions  of  the  minima  are  clearly  separate  in  the  opposite  direction 
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(angles  between  315  and  45  degrees)  during  about  the  first  330  msec, 
after  which  the  clear  preference  of  the  discriminant  angles  begins 
to  fade.  Chi-square  tests  for  nonrandomness  of  these  distributions 
were  significant  for  the  first  epoch  of  the  maxima  (p<-001)  and 
first  three  epochs  of  the  minima  (p<.001,  p<.001  and  p<.02, 
respectively) . 

One  may  suspect  vertical  eye  movements  as  a  possible  source 
of  anterior-posterior  displacements  of  extreme  scalp  field  values. 

The  literature,  to  our  knowledge,  does  not  report  on  vertical  eye 
movements  being  related  to  the  perception  of  different  word  meanings. 
However,  we  recorded  vertical  eye  movements  from  electrodes  above 
and  below  the  eye  with  the  same  amplifier  settings  as  the  evoked 
potential  data  from  eleven  subjects  (three  in  the  English,  four  in 
the  Swiss-German  and  four  in  the  Imagined  sentence  paradigm) .  The 
eye  movement  recordings  were  averaged  over  all  noun  presentations 
and  over  all  verb  presentations  for  each  subject.  Comparison  of 
these  traces  demonstrated  no  significant  differences  at  any  of  the 
forty  analysis  times,  which  excludes  a  possible  role  of  presentation 
related  eye  movements  in  our  results. 

To  more  precisely  observe  the  topography  of  ERPs  to  the  noun 
and  verb  meanings  of  homophones,  an  additional  subject  was  run 
while  recording  from  37  channels  simultaneously.  Electrodes  were 
placed  in  a  7  X  7  matrix  centered  on  the  vertex,  with  the  three 
electrodes  at  each  corner  of  the  matrix  missing.  Interelectrode 
distance  was  approximately  3  cm.  This  subject  was  a  native  English 
speaking  female  who  listened  to  the  English  stimuli.  All  pro¬ 
cedures  were  the  same  as  those  described  above.  That  the  data  from 
a  37  electrode  system  in  this  subject  confirm  the  results  of  the 
other  subjects  can  be  seen  in  Fig.  5.  The  noun  meaning  "rose" 
produced  scalp  fields  in  the  early  part  of  the  response  epoch  which 
have  an  anterior  positivity  and  posterior  negativity.  The  verb 
meaning  "rows"  produced  fields  of  opposite  anterior-posterior 
slope. 

The  results  obtained  in  the  three  experimental  groups,  as  well 
as  the  37  channel  recording  from  the  additional  subject,  demonstrate 
consistent  differences  in  the  locations  of  extreme  scalp  field  values 
between  the  noun  and  the  verb  stimulus  conditions.  For  the  first 
175  msec  after  stimulus  onset,  the  maximal  field  value  is  more 
anteriorly  located  in  the  noun  condition,  and  for  the  first  330  msec 
after  stimulus  onset,  the  minimal  field  value  is  more  posteriorly 
located  in  the  noun  condition  than  in  the  verb  condition.  Apparently, 
the  functional  neural  elements  whose  activity  constitutes  the 
evoked  brain  response  to  the  stimulus  word  are  not  identical  in  our 
two  stimulus  conditions:  a  critical  subpopulation  is  different  for 
nouns  and  verbs.  This  may  mean  different  locations  or  different 
orientations  of  the  active  elements. 
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Fig.  5.  Topographic  maps  of  average  (N=210  scalp  fields  recorded 
from  a  37  electrode  array  in  one  subject  while  perceiving  the 
English  word  /roz/  as  a  noun  (labeled  "the  rose")  and  as  a  verb 
(labeled  "he  rows").  Field  latency  is  48  msec  after  onset  of  the 
word  /roz/.  Isopotential  lines  are  linearly  interpolated  every 
0.5  pv.  (From  Brown  and  Lehmann,  in  prep.). 


It  appears  that  it  is  not  the  decoding  process  of  the  physical 
stimulus  which  is  manifested  in  the  evoked  EEG  activity,  since  the 
degraded  speech  sequence  evoked  results  which,  depending  on  the 
instructions  to  the  subject,  were  comparable  to  those  from  under¬ 
standable  sentences.  Rather,  it  is  the  syntactic  or  connotative 
meaning  which  is  reflected  by  the  evoked  potential  topography. 

Thus,  different  internally  generated  meanings  are  associated  with 
evoked  potential  characteristics  which  are  similar  to  those  pro¬ 
duced  by  the  same  meanings  when  they  result  from  the  decoding  of 
speech  information. 

The  topographical  differences  which  we  have  demonstrated  are 
constant  over  two  different  languages,  using  different  specific 
sentence  meaning  and  different  stimulus  word  meanings.  They  are 
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also  constant  over  at  least  two  different  sets  of  phonetic  rep¬ 
resentations.  The  most  obvious  common  difference  of  meaning  be¬ 
tween,  the  two  sentences  in  the  three  experiments  is  the  verb-noun 
syntactic  difference.  However,  other  more  general  connotative 
features  may  be  implied  by  the  particular  nouns  and  verbs  which 
we  used  (i.e.,  passive/active,  contemplative/strenuous,  etc.).  We 
note  at  any  rate  that  it  is  language  information  which  evoked  the 
responses,  whatever  later  stages  of  brain  processing  may  be  in¬ 
volved. 

Other  reports  have  shown  that  the  internal  presence  of  specific 
information  or  mental  classification  of  stimulus  content  determined 
evoked  waveforms  independent  of  the  nature  of  the  physical  stimulus. 
Using  nonlinguistic  paradigms,  evoked  potential  differences  related 
to  different  internal  representation  of  physically  identical  or 
similar  stimuli  have  been  reported  by  John  et  al.  (1967),  Herrington 
and  Schneidau  (1968)  and  Lehmann  et  al.  (1977).  Evoked  potential 
differences  produced  by  somewhat  more  directly  linguistic  inter¬ 
pretations  of  similar  stimuli  have  been  reported  by  Johnston  and 
Chesney  (1974),  Teyler  et  al.  (1973),  Grinberg  and  John  (1977), 

Brown  et  al.  (1973,1976,  in  prep.).  Marsh  and  Brown  (1977).  Chap¬ 
man  et  al.  (1978)  have  demonstrated  that  averaging  responses  across 
numerous  words  which  share  the  same  general  semantic  meaning  results 
in  responses  whose  waveforms  are  reliably  affected  by  connotative 
meaning.  Our  approach  of  strictly  topographical  comparisons  is  un¬ 
like  the  analysis  used  in  other  evoked  potential  studies  of  language 
meaning.  Therefore,  direct  comparisons  with  the  results  reported 
in  the  literature  on  meaning  related  language  responses,  are  not 
possible . 

The  present  paper  uses  strictly  topographical  data  evaluation 
(Lehmann,  1971,  1977;  Remond,  1968)  and  does  not  examine  conventional 
evoked  potential  waveshapes  (i.e.,  measurement  of  components  of 
evoked  potential  waveshapes  in  time) .  The  latter  approach  is  used 
after  an  a  priori  decision  that  the  data  be  treated  in  each  channel 
separately,  examining  voltage  differences  between  two  recording 
points  as  a  function  of  time.  Accordingly,  topography  is  a  sec¬ 
ondary  consideration,  usually  dealt  with  indirectly.  Contrariwise, 
our  topographical  analysis  examines  the  data  in  all  channels 
simultaneously  as  a  function  of  space,  and  the  time  effects  are 
evaluated  in  a  second  stage.  An  advantage  of  this  approach  is  the 
avoidance  of  the  classical  problem  in  EEG  analysis,  the  pre¬ 
selection  of  the  recording  points  from  which  measurements  will  be 
compared.  Also,  as  pointed  out  previously,  the  choice  of  the 
reference  does  not  influence  results  of  our  topographical  analysis. 
The  particular  tactics  of  topography  applied  in  this  paper  imply 
considerable  data  reduction,  i.e. ,  reduction  to  location  of  maximal 
and  minimal  field  values,  but  the  principles  of  analysis  would  not 
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be  different  if  one  decided  to  use  a  more  fine  grain  analysis  of 
the  scalp  field  structure,  including  the  voltage  difference  between 
recording  points. 


SUMMARY 

Three  experiments  were  accomplished  which  compared  the  scalp 
field  topographies  of  potentials  evoked  by  the  noun  and  verb  mean¬ 
ings  of  homophones.  Results  were  consistent  in  the  three  experi¬ 
ments.  Locations  of  scalp  field  maxima  were  more  anterior  for 
nouns  than  verb  meanings.  Field  minima  for  noun  meaning  were  more 
posterior  than  verb  minima.  The  effect  for  maxima  lasted  through¬ 
out  the  first  180  msec  of  the  response,  and  for  minima,  throughout 
the  first  230  msec. 
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APPLICATION  OF  SOMATOSENSORY  EVENT  RELATED  POTENTIALS  TO 


EXPERIMENTAL  PAIN  AND  THE  PHARMACOLOGY  OF  ANALGESIA 


Monte  S.  Buchsbaum  and  Glenn  C.  Davis 
National  Institute  of  Mental  Health,  Biological 
Psychiatry  Branch,  Bethesda,  Maryland 


INTRODUCTION 

There  is  increasing  evidence  that  many  neurotransmitter  systems 
may  be  involved  in  pain  appreciation  including  cholinergic  agents, 
endorphins,  biogenic  amines  and  others  (Mayer  and  Price,  1976). 

This  suggests  that  there  are  multiple  mediators  of  pain  appreciation, 
each  involving  a  possibly  distinct  neural  pathway.  Event  related 
potentials  may  offer  a  means  of  separating  distinct  pain  modulation 
processes  in  pharmacological  experiments  in  man. 

The  average  evoked  potential  (EP)  to  electric  shocks  has  been 
used  in  a  number  of  psychophysiological  studies  of  psychogenic  pain 
(Mushin  and  Levy,  1974),  pain  predictability  (Lykken  et  al. ,  1972), 
hysterical  anesthesia  (Moldofsky  and  England,  1975;  Levy  and  Mushin, 
1973)  and  cutaneous  stimulation  (Satran  and  Goldstein,  1973). 

We  have  previously  reported  that  individuals  who  appear  rela¬ 
tively  pain  tolerant  (on  the  basis  of  signal  detection  analysis  of 
their  subjective  pain  ratings)  show  somatosensory  EPs  which  increase 
in  amplitude  less  rapidly  with  increasing  stimulus  intensity  than 
those  of  relatively  pain  intolerant  subjects  (Buchsbaum,  1975)  . 
Audioanalgesia  was  also  associated  with  a  reduction  in  the  arapli- 
tude/intensity  slope  of  the  EP  (Lavine  et  al.,  1976).  We  have  also 
reported  that  naloxone ,  a  narcotic  antagonist  which  reverses  the 
effects  of  opiates  and  endorphins,  alters  pain  sensitivity  and  EPs 
when  administered  alone  to  normal  subjects,  suggesting  a  physiolog¬ 
ical  role  for  endorphins  in  pain  regulation  (Buchsbaum  et  al.,  1977). 
In  these  studies,  the  positive  component  at  100  msec  (P100)  and  the 
following  negative  component  (N120)  were  the  most  consistently  af- 
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fected,  especially  when  recorded  at  C4  with  contralateral  stimula¬ 
tion. 

In  approaching  other  pharmacological  interventions ,  including 
lithium,  physostigmine  and  choline  chloride  where  analgesia  effects 
might  possibly  arise  from  a  variety  of  mechanisms ,  we  hoped  that  EP 
results  might  be  especially  valuable.  By  revealing  distinctively 
different  patterns  of  components  and  different  topographic  distri¬ 
bution,  similarity  of  mechanisms  might  be  identified. 

In  order  to  help  clarify  analgesic  effects,  experiments  with 
a  classic  analgesic  seemed  crucial.  Aspirin  was  chosen  because  of 
its  safety  and  widely  recognized  efficacy.  Taking  the  largest  and 
most  reliable  aspirin  effect  as  a  criterion,  different  techniques 
of  EP  processing  and  peak  measurement  could  also  be  compared  for 
utility. 

METHODS 

Subjects 

Forty-seven  normal  adult  volunteers  participated,  fifteen  (six 
men  and  nine  women)  in  a  test-retest  reliability  study  and  thirty- 
two  (sixteen  men  and  sixteen  women)  in  a  double-blind  crossover 
study  of  aspirin. 

Experimental  Protocol 

All  subjects  participated  in  an  identical  first  session.  This 
consisted  of  a  psychophysical  pain  rating  procedure  followed  by 
somatosensory  evoked  potential  (EP)  recording.  No  drug  or  placebo 
was  given.  Subjects  were  scheduled  at  their  convenience  between 
8:00  a.m.  and  4:00  p.m.  Stimuli  were  administered  and  both  psycho¬ 
physical  ratings  and  electroencephalographic  responses  recorded  by 
an  on-line  computer. 

Test-retest .  For  the  test-retest  analysis,  this  session  was 
repeated  on  a  second  occasion,  usually  one  to  two  weeks  later. 

Aspirin.  For  the  drug  trial,  two  additional  sessions  like  the 
first  were  utilized.  Subjects  received  either  1  gram  aspirin  or  pla¬ 
cebo  orally  in  a  randomized,  counterbalanced  design  and  then  waited 
60  min  before  beginning  the  psychophysical/EP  session.  Aspirin  and 
placebo  were  administered  in  identical  pink  capsules  from  coded  con¬ 
tainers  and  analyses,  including  peak  identification  and  statistics, 
were  done  before  decoding  the  treatment. 

Stimuli .  Electrical  stimulation  was  provided  by  a  concentric 
electrode  (Tursky)  connected  to  an  on-line  computer  controlled  con- 
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stant  current  stimulator  and  placed  on  the  dorsal  of  the  left  fore¬ 
arm.  Each  stimulus  was  a  1  msec  biphasic  pulse.  Skin  preparation 
and  stimulation  techniques  are  described  in  Lavine  et  al.  (1976)  . 

Somatosensory  EP  procedure ■  Four  stimulus  levels  (2,  9,  16 
and  23  mA  were  presented  sixty-four  times  each  at  1  sec  intervals 
in  a  random  order  constrained  so  that  each  stimulus  intensity  was 
preceded  by  each  of  the  others  and  itself  an  equal  number  of  times. 
EEG  was  recorded  from  vertex  (Cz-right  ear)  and  somatosensory  cor¬ 
tex  (C4-right  ear) ,  amplified  and  filtered  (flat  bandpass  1--40  Hz; 
down  3  dB  at  0.3  Hz  and  42  dB  at  60  Hz).  EEG  was  sampled  at  250  Hz 
for  500  msec,  and  responses  to  each  intensity  were  averaged  on-line. 

Psychophysical  shock  procedure ■  Subjects  received  three  shocks 
at  each  milliamperage  increment  from  1  to  31  mA  for  a  total  of 
ninety- three  shocks  in  a  random  sequence  at  2.5-s  intervals.  Sub¬ 
jects  rated  each  shock  in  one  of  four  categories:  noticeable,  dis¬ 
tinct,  unpleasant  or  very  unpleasant.  Signal  detection  analysis 
yielded  two  pain  measures:  a  nonparametric  analog  of  response  cri¬ 
terion  and  a  sensitivity  level  (Sitaram  et  al. ,  1977).  The  sensi¬ 
tivity  measure  has  been  associated  with  pharmacological  analgesia 
(Chapman  et  al.,  1973)  and  response  criterion  has  been  related  to 
suggestion  effects  (Clark  and  Goodman,  1974). 

EP  measurement .  The  largest  and  most  commonly  occurring  com¬ 
ponents  in  the  EP  configuration  for  both  Cz  and  C4  leads  are  a 
sequence  of  positive  negative  and  positive  deflections  at  about  100, 
120  and  200  msec  (termed  P100,  N120  and  P200) .  These  components 
were  identified  by  visual  inspection  by  a  person  blind  to  drug 
status,  and  the  latency  from  the  stimulus  was  recorded.  Peaks  were 
chosen  to  be  1)  as  consistent  as  possible  in  latency  across  the 
four  intensities  and  two  sessions  and  2)  to  be  within  25  msec  of 
the  100,  120  and  200  msec  anchor  points.  Amplitude  of  the  compo¬ 
nents  was  measured  in  two  ways.  First,  the  height  in  microvolts 
from  a  32  prestimulus  baseline  was  determined.  Second,  an  area  in¬ 
tegration  technique  not  dependent  on  visual  identification  peaks 
was  used.  EPs  were  divided  into  three  time  bands  centered  on  P100 
(76-112  msec) ,  N140  (116-152  msec)  and  P200  (168-248  msec) .  EP 
amplitude  was  measured  by  calculating  the  area  within  the  band. 

This  was  done  by  first  removing  the  mean  of  the  entire  epoch  from 
32  msec  prestimulus  to  480  msec  poststimulus  and  then  calculating 
the  mean  of  the  absolute  values  of  the  EP  time  values  for  each  time 
band.  The  amplitude/intensity  slope  was  calculated  by  least 
squares  regression  using  the  four  EP  amplitudes  in  microvolts  and 
the  logs  of  the  stimulus  intensities  in  milliamperes . 

EP  data  were  then  analyzed  by  using  paired  t-tests  and  by  using 
two-  and  three-way  ANOVA  with  repeated  measures  and  trend  analysis 
for  the  intensity  dimension.  For  test- re test  correlations  and  pre- 
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dieted  analgesia  effects  where  the  statistical  hypothesis  is  una¬ 
voidably  unidirectional,  one-tailed  tests  are  used. 


RESULTS 

Test-Retest  Reliability  of  EP 

Test-retest  reliabilities  were  calculated  for  both  mean  ampli¬ 
tude  (across  four  intensities)  and  for  the  amplitude/intensity 
slope  (Table  1).  Both  showed  reasonable  consistency  over  time; 
area  measurements  of  amplitude  appeared  clearly  superior  to  the 
base  line- to- peak  technique,  as  we  have  observed  elsewhere  for  visual 
EPs  (Buchsbaum,  1976). 


Effect  of  Aspirin  on  Psychophysical  Ratings 

Consistent  with  the  expected  analgesic  effect,  aspirin  in¬ 
creased  the  error  rate  (a  nonparametric  analog  of  d'l  for  the 
distinct/unpleasant  dichotomy  from  7.3  on  placebo  to  9.5  (paired 
=  2.69,  p  <  0.01,  one-tailed).  Psychophysical  results  will  be 
reported  in  detail  at  a  later  date. 


Effect  of  Aspirin  on  Somatosensory  EPs 

Aspirin  diminished  the  EP  amplitude,  especially  for  high  in¬ 
tensity  stimuli  and  for  the  N120  component  (Fig.  1,  left).  This 
was  confirmed  statistically  by  paired  t-tests  on  the  amplitude/in¬ 
tensity  slope  measures  (t  =  2.86,  p  <  0.005)  by  two-way  ANOVA  with 
drug  treatment  and  stimulus  intensity  as  repeated  measures  for  area 
measures  CZ-N120  (F  =  7.97,  p  <  0.01;  1,30  d.f.,  linear  trend  anal¬ 
ysis)  and  for  C4-N120  (F  =  5.62,  p  <  0.25,  quadratic  trend  analysis) 
and  peak  measures  for  C4-N120  (F  =  4.92,  p  <  0.005,  quadratic  trend 
analysis) .  Base line- to- peak  measure  P100  also  showed  a  main  effect 
of  aspirin  (F  =  5.54,  p  <  0.05).  Area  measurements  showed  that 
individual  differences  in  the  effects  of  aspirin  were  similar  for 
both  N120  and  P200  (Table  II) ,  when  amplitudes  of  EPs  for  the  high¬ 
est  stimulus  intensity  were  used. 


Removal  of  Low  Frequency  Components 

Both  baseline-to-peak  and  area  integration  techniques  could 
have  their  measurements  distorted  by  sustained  potentials ,  CNV  or 
large  P300  components  which  could  affect  baselines.  Effects  actual¬ 
ly  due  to  these  slow  components  might  hypothetically  be  attributed 
to  earlier  components  such  as  P100  or  N120.  Late  slow  components 
appear  minimal  in  the  passive  paradigm  used  here  (Fig.  3) ,  and  base- 
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INSENSITIVE 


SENSITIVE 


COMBINED  (n=32J 


STIMULUS  INTENSITY  (mA) 

Pig.  1.  Mean  evoked  potential  amplitude  in  mV  for  negative  peak 
N120  at  four  stimulus  intensities  for  pain  sensitive  (N  =  15) ,  pain 
insensitive  (N  =  17)  and  total  groups  (N  =  32).  Solid  lines  are 
aspirin,  and  dotted  lines  are  placebo.  EP  differences  at  highest 
intensity  are  consistent  in  the  two  subgroups.  Drug  X  intensity 
interactions  were  confirmed  by  ANOVA  statistically,  but  group  X  drug 
X  intensity  interactions  were  not  significant.  Note  that  sensitive 
individuals  on  placebo  have  greater  amplitude/intensity  slopes  (aug¬ 
menting)  than  pain  insensitive  individuals. 


line  shifts  due  to  the  intensity  of  the  preceding  stimulus  cannot 
systematically  influence  stimulus  intensity  effects  because  of  the 
stimulus  intensity  randomization  used.  Nevertheless,  for  a  rigorous 
test  all  EPs  were  filtered  using  a  high  pass  autoregressive  filter 
(Coppola,  in  press)  with  a  filter  constant  of  0.93  yielding  a  50% 
amplitude  value  of  2.5  Hz  (Fig.  2).  This  filtering  only  minimally 
altered  aspirin  effects;  for  area  measurement  of  Cz- N120 ,  the  P- 
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Psychophysical  and  1.1'  Covrelat  ion:; 

Individuals  who  l  esponded  to  aspirin  hy  showing  an  analgesic 
cttcct  on  tho  psychophys  i  ca  1  ptocedut  e  (t'lioi  i  at  o  increase)  tended 
to  sh-w  analgesia  on  the  HP  measure,  tho  C4-N120  amplitude  intensity 
slope.  The  eot  relation  lietween  the  placebo  minus  aspirin  change 
scores  toi  the  C4-N120  amp  1  i tude/intensi ty  slope  ami  distinct  un¬ 
pleasant  error  rates  was.  0.182  (p  -  0.05)  tor  the  twenty-l  ive  indi¬ 
viduals  with  complete  psychophysical  range  data.  The  haso  l  ine- 1  o- 
pe a k  mean  P100  measure  correlation  was  (1.-181  (p  •  0.01). 

Individual  Variation  in  Pain  Sensitivity  and  Asp it  in  Ft  toot 

In  our  studies  of  naloxone  (Buchsbaum  et  al.,  l'*77)  individuals 
who  were  purtieulary  pain  insensitive  on  the  baseline  day  weir  es¬ 
pecially  likely  to  show  naloxone-  induced  hyperalgesia.  Using  the 
same  pain  sensitivity  level  used  in  the  naloxone  study  as  a  criter¬ 
ion,  subjects  were  divided  into  pain  sensitive  and  pain  insensitive 
groups  on  the  basis  of  their  baseline  day  psychophysical  pain  rat¬ 
ings.  in  this  study  no  statistically  significant  interaction  effects 
were  seen,  both  pain  sensitive  and  pain  insensitive  groups  sharing 
aspirin-induced  diminution  of  high  intensity  F.P  amplitude.  Note 
that  as  we  have  previously  reported,  pain  sensitive  individuals  had 
higher  amplitude/intensity  slopes  (augment  ers)  on  t  tie  placebo  day 
than  did  pain  insensitive  individuals  (reducers).  This  was  statis¬ 
tically  confirmed  for  the  C4-N140  intensity  function  (group  by  in¬ 
tensity  effect,  F  4.76,  p  -  0.05)  and  was  present  as  a  trend  for 
Cz-PlOO  and  C4-P100. 


Individual  Differences  in  HP  Configuration 

Within  the  thirty-two  individuals  there  was  variation  in  the 
appearance  of  the  HP  even  on  placebo.  Some  individuals  showed  a 
typical  triphasic  vertex  HP,  similar  to  visual  Kps,  with  a  positive 
peak  at  80-110  msec  followed  by  a  clear  negative-positive  sequence 
at  120  and  220  msec.  A  second  group  showed  an  eat liet  posit ive 
component  usually  at  40-60  msec,  an  earliet  negative  at  70-80  msec 
and  a  typical  latency  positive  at  220  msec.  A  third  group  showed 
variable  or  absent  Plot',  most  frequently  dropping  out  at  the  highest 
intensity.  The  three  groups,  sorted  on  their  placebo  FPs ,  are  il¬ 
lustrated  m  Fig.  t.  Note  that  the  early  and  variable  groups  showed 
considerable  consistency  in  waveform  from  session  to  session,  miti¬ 
gating  against  recording  artifacts  being  the  source  ot  t  lie  distor¬ 
tion  or  loss  of  P100.  file  typical  group  slnved  the  greatest  aspirin 
effect,  tin'  P100-N140  complex  almost  disappearing  in  some  eases. 

Ten  of  the  eleven  individuals  with  typical  F.Ps  showed  area  ampli¬ 
tude/intensity  slope  reduction  for  C4-N120  with  aspirin  and  ten  of 
the  eleven  also  showed  diminished  base  1  ine- 1  o-peak  PliH'  amplitudes. 
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PIOO  range  73-113  ms  0-60  ms  varys  or  absent 


Fig.  3.  Grouping  subjects  by  P100  configuration  and  latency.  EPs 
for  23  mA  stimulus,  Cz  lead  are  shown,  positive  up,  for  all  thirty- 
two  subjects  on  placebo  (solid  line)  and  aspirin  (dotted  line). 

Left:  subjects  selected  for  clearest  P100  at  all  stimulus  intensi¬ 

ties  in  the  usual  (73-113  msec)  range  while  on  placebo.  Note  aspirin 
diminution  of  P100  and  N120  components.  Middle:  subjects  with  a 
very  early  positive  component  and  no  100  msec  positivity.  Right: 
subjects  who  showed  variable  or  absent  early  components  making  as¬ 
sessment  of  stimulus  intensity  curves  difficult. 


This  is  seen  statistically  in  the  F-ratios  for  area  C4-N210  for  the 
typical,  early  and  variable  groups  which  are  10.45,  3.35  and  4.16, 
respectively  (drug-by-intensity  interaction  linear  trend  effect) . 

Peak  identification  was  helpful,  and  the  baseline-to-peak  Cz-PlOO 
measure  yielded  F-ratios  of  7.97,  7.56  and  4.77  (drug  effect).  Thus 
it  appears  that  the  early  group  may  indeed  have  physiologically  simi¬ 
lar  activity  at  a  shorter  latency.  Both  the  typical  and  early  groups 
had  larger  baseline-to-peak  P100  amplitude  at  C4  than  at  Cz ,  consis¬ 
tent  with  the  topographic  findings  of  Goff  et  al.  (1977). 
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DISCUSSION 

In  this  study  somatosensory  EP  amplitude  and  amplitude/inten¬ 
sity  slopes  parallel  psychophysical  rating  changes  with  aspijin, 
both  techniques  confirming  aspirin  analgesia.  Tlie  statistical 
strengths  of  the  two  techniques,  as  measured  by  the  paired  • t  *  val¬ 
ues  comparing  aspirin  and  placebo  were  similar,  being  2.69  for  the 
nonparametric  analog  of  d’  and  2.86  for  the  area  CZ-N120  amplitude/ 
intensity  slope. 

Individual  differences  in  analgesic  effects  of  aspirin  were 
reflected  in  significant  correlations  between  the  magnitude  of  the 
changes  associated  witti  aspirin  in  psychophysical  and  EP  measures. 
Variability  in  the  analgesia  effect  of  aspirin  was  reduced  by  choos¬ 
ing  individuals  witti  typical  triphasic  EPs,  and  more  consistent 
effects  were  observed  than  those  achieved  witti  the  psychophysical 
measure  used . 

The  analgesia  associated  with  aspirin  appears  distinct  in  ori¬ 
gin  from  that  found  witti  physost igminc .  Wtiile  both  showed  a  distinct 
unpleasant  error  rate  increase  on  ttie  psychophysical  task,  physost  iq- 
mine  showed  exclusively  P100  and  P200  effects,  whereas  for  aspirin, 
like  naloxone,  the  C4-N120  effect  predominated.  We  have  suggested 
(Sitaram  et  al. ,  1976)  that  physostigmine  analgesia  effects  may  be 
mediated  by  arousal  mechanisms.  In  contrast,  ttie  association  of  P100 
and  NI20  reducing  seen  with  aspirin  analgesia  and  witti  audio  anal¬ 
gesia  seems  more  related  to  trait  differences  in  pain  sensitivity. 

As  we  have  earlier  noted,  augmenting  P100  or  N120  amplitude/inten- 
sity  slopes  are  related  to  pain  sensitivity  on  placebo  or  baseline 
sessions  (Buchsbaum,  1975;  Buchsbaum  et  al . ,  1977).  Additionally, 
naloxone,  a  drug  which  showed  no  total  group  effect  on  ttie  psycho¬ 
physical  measure,  produced  augmenting  on  ttie  N120  component  in  pain 
tolerant  individuals,  suggesting  that  individual  differences  in  en¬ 
dogenous  opiates  migtit  be  reflected  in  ttie  P100-N120  complex  (Buchs¬ 
baum  et  al.  ,  1977).  Ttie  grouping  observed  here  of  aspirin  effects 
with  endogenous  opiate  effects  is  intriguing.  Further  development 
of  EP  techniques  witti  measurement  of  primary  P 10  and  P5o  components, 
and  testinq  of  a  greater  range  of  analgesics  and  neurot  ratismi  1 1  ei 
strategies  as  well,  may  be  helpful  in  increasing  ttie  neurophysio¬ 
logical /neurochcmi  ca 1  corre lat ions . 

It  is  noteworthy  that  physostigmine  and  aspirin  were  indistin¬ 
guishable  analgesics  on  the  psychophysical  tank ,  and  no  significant 
group  effect  appeared  with  naloxone;  yet  l'P  results  differentiated 
the  first  two  agents  and  revealed  individual  differences  in  response 
for  ttie  ttiird.  Ttiis  greater  specificity  of  ttie  F.P  measures,  com¬ 
bined  witti  its  reliability,  suggests  the  utility  of  somatosensory 
EP  recordings  in  psyctiopharmacological  investigations. 
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SUMMARY 

For ty-si'ven  normal  subjects  were  tested  on  psychophysical  and 
somatosensory  evoked  potential  pain  procedures  during  double-blind 
placebo  controlled  trials  of  aspirin.  Two  runs  of  electrical  stimuli 
were  presented  to  eacli  subject's  forearm  using  the  Tursky  electrode; 
l)  ninety-three  shocks  of  random  intensities  were  judged  noticeable, 
distinct,  unpleasant  and  very  unpleasant  and  2)  four  intensities 
of  stimuli  were  used  to  record  ERPs  from  vertex  and  C4  leads.  Psy¬ 
chophysical  pain  sensitivity  was  assessed  by  nonparametric  signal 
detection  analysis.  ERP  component  latencies  were  identified  visually 
in  the  ERPs,  and  amplitude  was  measured  both  from  a  prestimulus  base¬ 
line  and  peak- to- trough;  area  integration  measures  were  also  obtained 
for  comparison.  Both  ERP  and  psychophysical  pain  ratings  showed 
stable  individual  differences;  test-retest  correlations  for  occa¬ 
sions  two  weeks  apart  ranged  from  r  =  0.5  for  psychophysical  tasks 
to  r  =  0.7  -  0.9  for  amplitude  and  amplitude/intensity  slopes.  N120 
components  recorded  from  both  C4  and  vertex  were  especially  sensitive 
to  aspirin  analgesia,  significantly  diminishing  in  amplitude  and 
shortening  in  latency  especially  at  higher  intensities.  Pain  rat¬ 
ings  also  showed  analgesia  for  the  sensitivity  measure  ( d'  analog). 
Comparing  aspirin  results  with  previous  data  on  naloxone,  the  N120 
component  was  most  consistently  influenced  by  pharmacological  anal¬ 
gesia;  both  P100  and  P200  were  also  affected  by  time  of  day  and 
individual  differences  in  pain  sensitivity.  Taken  together,  those 
results  indicate  the  practical  utility  of  ERP  methodology  in  neuro¬ 
biolog  ical  pain  research. 
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HEMISPHERIC  DIFFERENCES  IN  EVOKED  POTENTIALS  TO  RELEVANT  AND 
IRRELEVANT  VISUAL  STIMULI 


Robert  M.  Chapman  and  John  W.  McCrary 
University  of  Rochester 
Rochester,  New  York  14627 


Since  the  early  days  of  averaging  evoked  potentials  (EPs)  in 
man,  the  importance  of  cognitive  variables,  as  well  as  stimulus 
variables,  has  been  recognized  (e.g.  ,  Chapman  and  Rragdon,  ll*64). 
Using  an  experimental  design  which  involves  processing  number  and 
letter  stimuli,  we  have  been  studying  EP  effects  related  to  a 
variety  of  cognitive  operations  (Chafanan,  1965,  1966,  1969a, 

1969b,  1973,  1974a,  1974b,  1977,  in  press;  Chapman  et  al.,  in 
press  (a);  Chapman  et  al.  in  press  (b) .  Most  of  our  analyses  have 
been  for  the  CPZ  scalp  location  (recorded  monopolar  on  the  midline 
one-third  of  the  distance  from  Cz  to  Pz;  reference  was  linked  ear¬ 
lobes).  It  is  of  interest  to  study  the  cognitive  effects  at  other 
sites,  with  a  particular  focus  on  the  question  of  hemispheric 
differences  and  par ietal-occipital  differences. 

A  more  complete  description  of  the  experimental  design  and 
discussion  of  interpretations  for  the  present  chapter  is  given  in 
Chapman  (1973).  In  that  paper  results  are  given  for  twelve  subjects 
for  midline  electrodes  located  over  the  central-parietal  (CPZ)  and 
the  occipital  area  (Oz) ,  as  well  as  control  data  for  EOG  and  alpha 
EEC.  The  present  experiment  provides  comparable  data  for  eight 
subjects  for  laterally  located  electrodes  over  parietal  (P3  and  P4) 
and  occipital  (01  and  02)  areas  and  permits  an  evaluation  of  hemis¬ 
pheric  differences  in  the  information  processing  tasks.  In  general, 
comparable  information  processing  effects  were  found  in  both  experi¬ 
ments.  The  evaluation  of  location  differences  was  facilitated  by  the 
addition  of  control  EPs  to  blank  flashes  and  the  use  of  additional 
analysis  procedures,  featuring  discriminant  analyses. 

Earlier  work  on  hemispheric  specialization  has  been  critically 
reviewed  by  Donchin  et  al.  (1977).  A  caveat  should  be  noted  in 
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considering  hemispheric  differences,  or  any  brain  localization 
effects,  from  EP  data.  F,P  effects  localized  at  some  scalp  site  do 
not  necessarily  mean  that  the  adjacent  brain  region  is  responsible 
for  those  processes.  Because  the  measure  is  a  voltage  difference 
in  an  electrical  field  of  a  conducting  medium,  the  orientation  of 
the  source,  as  well  as  its  distance,  are  important.  Ear  field 
effects  have  been  demonstrated  for  early  auditory  potentials 
(Jewett  et  al. ,  1970).  The  importance  of  source  orientation  is 
illustrated  by  scalp  localizations  opposite  to  brain  hemisphere  in 
visual  field  studies  (Halliday  et  al.,  1977).  Incidentally,  the 
same  problems  exist  for  electrical  recording  within  brain  structures 
as  for  scalp  recording.  Given  this  caveat,  the  spatial  localiza¬ 
tion  interpretations  given  in  this  chapter,  strictly  speaking, 
refer  to  particular  scalp  sites  (with  oar  reference)  and  should  be 
extended  to  brain  localization  with  great  caution. 

Another  problem  relates  to  the  assumption  that  larger  EP 
amplitudes  signify  more  processing.  We  suggest  a  method  of  analysis 
here  which  avoids  this  assumption,  at  least  in  its  usual  simplistic 
form.  The  method  is  based  on  discriminant  analyses  which  focus  on 
variations  of  EP  measures  which  maximally  discriminate  particular 
conditions.  This  approach  does  not  rely  on  sheer  amplitude,  but 
rather  seeks  combinations  of  amplitudes,  large  or  small,  which  most 
systematically  covary  with  particular  sets  of  experimental  condi¬ 
tions  . 


EXPERI MENTAL  P ROCEPURF. 

Two  numbers  and  two  letters  were  flashed  individually  in  random 
order  at  intervals  of  3/4  sec  preceded  and  followed  by  a  blank  flash. 
The  subject's  task  was  to  compare  numerically  the  two  numbers  on 
number- relevant  runs,  the  letters  being  irrelevant  to  the  task.  On 
the  other  half  of  the  runs  the  numbers  were  irrelevant,  and  the  task 
was  to  compare  alphabetically  the  two  letters.  By  appropriately 
moving  a  momentary  two-way  switch  at  the  end  of  each  trial,  the 
subject  indicated  whether  the  first  or  second  number  was  larger  on 
number- relevant  runs  and  similarly  indicated  the  alphabetic  order  on 
letter- relevant  runs.  The  subject  had  a  1.5  sec  time  slot  following 
the  last  flash  in  which  to  answer  before  the  next  trial  started. 
Correct  answers  produced  a  tone;  wrong  answers  produced  a  buzz.  The 
number  and  letters  were  randomly  selected  (1-6,  A-F) ,  and  the 
sequences  of  numbers  and  letters  were  randomized.  Nearly  every 
stimulus  was  processed  appropriately  by  the  subjects,  with  a  perfor¬ 
mance  accuracy  of  better  than  99*.  All  stimuli  were  flashed  at  the 
same  spatial  location  by  a  Bina-View  display  equipped  with  a  Grass 
strobe  (flash  duration  <  10  msec). 


The  stimulus  processing  demanded  by  the  task  depended  on  a 
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number  of  factors,  including  whether:  (i)  number  or  letter  stimuli 
were  task  relevant,  (ii)  the  number  or  letter  class  of  stimulus 
could  be  anticipated  and  (iii)  the  character  was  the  first  or  second 
relevant  stimulus  of  the  pair  to  be  compared.  For  the  first  rele¬ 
vant  stimulus  in  each  trial,  the  information  had  to  bo  stored  by  the 
subject  until  the  second  relevant  stimulus  occurred,  after  which 
the  comparison  could  be  made. 

While  the  subject  was  performing  the  letter  or  number  compari¬ 
son  tasks,  electrical  brain  activity  (EEC)  was  recorded  from  scalp 
electrodes  at  P3,  p4,  ol  and  02  (referenced  to  linked  earlobes). 
Frequency  bandpass  was  0.3  to  70  Hz;  102  samples  at  each  5  msec 
interval  were  obtained  beginning  30  msec  before  each  stimulus.  The 
data  were  collected  from  eight  right-handed  subjects  (five  male, 
three  female)  over  a  series  of  six  sessions  each. 

By  averaging  the  brain  activity  evoked  by  stimuli  for  similai 
conditions,  separate  averaged  evoked  potentials  (FPs)  were  obtained 
for  sixteen  information  processing  conditions:  relevant  and  irrele¬ 
vant  numbers  and  letters  at  four  intratrial  positions.  From  trial 
to  trial  tile  first  number  (or  letter)  stimulus  occurred  in  intra¬ 
trial  positions  1,  2  or  3,  while  the  second  number  (or  letter) 
stimulus  occurred  in  intratrial  positions  2,  3  or  4.  To  simplify 
interpretations  certain  EEG  data  were  discarded,  so  the  EPs  for 
intratrial  positions  1  and  2  were  based  only  on  the  first  number  and 
letter  stimuli  presented  within  each  trial,  while  the  EPs  for  intra¬ 
trial  positions  3  and  4  were  based  only  on  the  second  number  and 
letter  stimuli  presented  within  each  trial. 

Even  the  irrelevant  stimuli  in  this  experiment  must  be  pro¬ 
cessed  to  a  certain  extent  to  determine  that  they  are  irrelevant. 

The  subject  cannot  anticipate  whether  the  stimulus  will  be  a  letter 
or  a  number,  and  hence  relevant  or  irrelevant,  except  in  intratrial 
position  4.  To  provide  a  control  with  even  less  processing  by 
subjects,  runs  were  added  in  which  only  blank  flashes  occurred. 

The  blank  flashes  were  provided  by  the  same  Bina-View  device  and 
appeared  as  an  illuminated  rectangle.  The  trials  for  those  runs 
had  the  same  temporal  structure  an  the  letter-number  trials:  blank 
flashes  at  the  4  intratrial  positions,  preceded  and  followed  by  a 
blank  flash,  all  spaced  3/4  sec  apart. 

Each  run  contained  102  trials,  each  with  four  intratrial  posi¬ 
tions.  Each  subject  was  given  ten  number-relevant ,  ten  letter¬ 
relevant  and  four  blank  runs  spaced  over  a  number  of  sessions. 
Averaging  across  all  runs,  the  EPs  for  each  subject  were  based  on 
the  EEG  responses  to  272  to  510  stimuli.  This  yielded  twenty  EPs 
for  each  subject:  relevant  and  irrelevant  numbers  and  letters  and 
blanks  for  eacli  of  the  four  intratrial  positions.  For  each  elec¬ 
trode,  the  data  set  consisted  of  100  EPs  (20  X  8  subjects). 
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EP  MEASURES 

The  EPS  were  measured  in  the  manner  described  in  Chapman  (1973) 
in  order  to  facilitate  comparison  with  the  midline  results  reported 
there.  For  each  EP,  five  measures  were  obtained:  mean  amplitude 
over  480  msec,  and  315  msec.  The  mo3t  global  measure  was  mean 
amplitude  over  480  msec  relative  to  a  baseline  obtained  at  0  msec 
(time  of  stimulus;  the  baseline  was  the  average  of  four  time 
points  before  and  three  after  the  stimulus).  The  amplitude  at  105 
msec,  225  msec  and  315  msec  were  similarly  measured  relative  to  the 
same  baseline  at  0  msec.  These  measures  index  the  amplitude  at 
specified  points  within  the  EPs  without  the  necessity  of  identify¬ 
ing  particular  peaks.  The  amplitude  at  0  msec  was  measured 
relative  to  an  arbitrary  voltage  level  across  the  entire  trial  of 
four  intratrial  positions.  The  amplitude  at  0  msec  indexes  CNV 
activity. 
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Fig.  1.  Sample  evoked  potentials  from  one  subject.  Monopolar 
recording  from  left  and  right  parietal  (P3,P4)  and  occipital  (01, 
02)  scalp  locations  (referenced  to  linked  earlobes).  Vertical 
lines  100  msec  apart. 
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Fig.  2.  Mean  amplitude  over  480  msec  from  left  and  right  parietal 
electrodes  for  20  experimental  conditions  with  varying  information 
processing  demands.  Number  (#) ,  letter  (L)  and  blank  (box)  visual 
stimuli.  Relevant  (circled  symbols  and  solid  lines)  and  irrelevant 
(not-circled  symbols  and  dashed  lines).  Information  processing 
characteristics  associated  with  intratrial  positions  are  summarized 
below  the  abscissa.  Data  are  means  from  eight  subjects. 


RESULTS 

Fig.  1  illustrates  some  of  the  EPS  for  one  of  the  subjects. 

For  this  figure,  the  EPs  were  averaged  across  numbers  and  letters 
and  intratrial  positions,  in  order  to  illustrate  the  hemispheric 
differences  for  relevant,  irrelevant  and  blank  stimuli.  In  this 
case  the  EPs  from  the  left  are  larger  than  those  from  the  right, 
and  this  hemispheric  difference  is  greater  for  relevant  and  irrele¬ 
vant  stimuli  than  for  blank  stimuli.  Drawing  conclusions  from  the 
data  of  one  subject  may  be  misleading.  To  assess  those  effects 
which  have  more  generality,  the  data  for  all  eight  subjects  have 
been  examined  as  a  set. 
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Fig.  J.  Amplitude  at  0  msec  relative 
which  was  the  same  for  all  responses. 
Other  specification  as  for  Fig.  2. 
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The  amplitude  at  0  msec  showed  a  different  pattern  of  rela¬ 
tions  to  the  experimental  conditions  (Fig.  3)  which  was  similar  to 
midline  data  previously  reported  (Chapman,  l‘J73,  Fig.  3.12).  There 
wert1  essentially  no  differences  between  relevant  and  irrelevant 
conditions  at  intratrial  positions  1  and  3.  At  these  positions 
there  was  a  50-50  chance  of  a  letter  or  number  occurring  and, 
therefore,  a  50-50  chance  of  the  stimulus  being  relevant  or 
irrelevant.  However,  the  prestimulus  certainty  of  a  letter  or 
number  occurring  in  intratrial  positions  2  and  4  was  biased  <67% 
and  100%.  respectively).  At  positions  2  and  4  there  was  a  differ¬ 
ence  in  amplitude  at  the  time  of  the  stimulus  for  relevant  and 
irrelevant  stimuli.  At  intratrial  position  4,  where  there  was  100% 
certainty  prior  to  the  presentation  of  the  stimulus,  the  amplitude 
at  0  msec  was  more  negative  when  the  stimulus  was  to  be  relevant 
than  when  it  was  to  be  irrelevant.  This  result  is  in  agreement  with 
the  CNV  literature  in  which  a  negative  potential  is  found  in 
anticipation  of  an  "imperative"  (relevant)  stimulus.  The  results 
at  the  other  electrode  sites  for  this  measure  were  similar  (P3, 

01,  02  not  shown).  Hemispheric  differences  were  not  prominent. 

The  other  EE>  measures,  amplitudes  at  105  msec,  225  msec  and 
315  msec,  showed  major  effects  similar  to  those  previously  reported 
for  midline  electrodes  (Chapman,  1973).  Hemispheric  differences 
were  not  pronounced.  The  measure  w’hich  showed  the  most  pronounced 
hemispheric  differences  was  the  amplitude  at  315  msec  (Fig.  4). 

Tile  pattern  of  data  at  315  msec  suggests  there  may  be  differential 
hemispheric  and  brain  area  representation  of  various  information 
processing  conditions.  The  most  obvi  'tis  of  these  is  a  differential 
interaction  of  stimulus  relevance  and  intratrial  position  witli 
hemisphere  (F  =  8.08;  df  =  3,21;  p  .01).  The  question  remains 
whether  there  is  more  differential  representation  of  information 
processing  in  one  hemisphere  than  in  the  other. 


HEMISPHERIC  DIFFERENCES  IN  DISCRIMINANT  ANALYSIS 

One  way  to  assess  whether  responses  from  one  area  or  another 
are  more  involved  in  various  functions  is  by  the  use  of  discrimi¬ 
nant  analyses.  If  measures  of  responses  from  two  (or  more)  brain 
areas  are  used  to  discriminate  two  (or  more)  experimental  conditions, 
which  measures  do  the  best  job? 

Do  EPs  from  the  left  (P3,  01)  or  right  (P4 ,  02)  hemisphere  do 
a  better  job  in  discriminating  various  number/letter  information 
processing  conditions  (relevant  and  irrelevant  numbers  and  letters 
at  four  intratrial  positions)?  In  the  first  application  of  the 
technique  to  be  described  there  are  sixteen  classes  to  be  discrimi¬ 
nated  from  each  other.  To  perform  this  discrimination,  there  are 
available  five  measures  from  each  of  four  electrodes  (twenty 
variates).  The  stepwise  discriminant  analysis  (BMPP7M,  Dixon,  1975) 
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Fig.  4.  Amplitude  at  315  msec  from  left  and  right  parietal  and 
occipital  electrodes  for  twenty  experimental  conditions.  Measure 
is  relative  to  EP  level  at  time  of  stimulus.  Other  specifications 
as  for  Fig.  2. 


selected  the  measures  in  the  order  of  their  effectiveness  in  classi 
fying  each  of  the  128  responses  into  the  sixteen  experimental 
conditions.  The  intercorrelations  among  the  measures  are  taken 
into  account.  For  the  next  measure  to  be  added  to  the  prediction 
equation  the  stepwise  procedure  selected  the  measure  which  is  most 
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e'ftectivo  attei  t  hr  influe'iice*  ot  the  pi  w  ion:;  ly  si' lev  ted  measaii  e's 
is.  t  ake*n  into  account.  When  the  disci  iminant  analysis  is  allowed 
access  to  all  twenty  measures,  the  single  best  measure  in  disvri- 
minat  mn  the  sixteen  intoriuat  ion  processiuq  conditions  was  the  mean 
.unj » l  i  t  ude  ovei  4N0  ms.e'C  t  i  om  pi  (left  parietal  area).  Of  the'  first 
seven  measures,  six  were'  front  the'  left  hem  i  sphet  e‘  (!' 1  mean  ovei 

480  msec,  IM  at  0  msec,  IM  at  llh  msec,  Ol  at  llh  mse'e,  P4  itic'an 

ovei  -ISO  msc'c,  ol  at  10S  msec,  pi  at  l OS  msec,  in  otdei  >t  their 

se'le'ot  ion)  .  Since'  there  we'iv  In  conditions  t  o  In'  disci*  iminat  ed, 

chance  was  l/lb  or  n. .'*>*.  The  deve*  1  opnu'tit  elassifieat  ion  siiocoss 
us  i  nq  the'  first  seven  measures  was  47. 7*.  A  be*t  t  eq  index  of  the' 
qe'iuq  a  l  i  t  y  of  the'  fuuve';;s  rate  is  t  hi'  jackknife'd  c  lass  i  t  ic*it  ion 
suceess  whieli  was  .18.1*  (Table  l).  The  jackkniteil  procedure  is  a 
cr oMs-Vii  l  iitat '.ion  technique*  whiolt  asse's.ses  the  e  1  ass  i  t  i  eat  i  on  success, 
when  eaeh  ease  is  let!  out  ot  t  he*  de'w  \  opme'nt  s.et  and  then  lassi- 
tii'd.  This  sucee'ss  i.ite  is  s  iqn  i  t  i  cant  ly  bet  t  or  than  chance'  (Ohi 
square'  100.8;  d  t  l  ;  P  V  V  .001). 

Allot  he' i  assessment  ot  hemispheric  ditterenee's  involves  com- 
put  inq  separate'  d i set  ini i nant  analyst's,  with  measures  from  evich  side' 
alone'  and  comparinq  the'  class  if  icat  ion  sucee'ss  rates..  The'  res.ults 
ot  this,  procedure  also  aie  qivon  in  Table  l.  When  discriminat  inq 
the  s.ixteen  i  nformat  .ion  process  inq  com!  it  ions,  the  measaii  es  from 
the  left  side'  alone  (pl,0l)  achie'Ve'd  the'  same  e  lass  i  f  i  cat  i  on 
sucee'ss  as.  when  mewsures.  from  both  lett  and  t  iqht  sides,  weir 
available  (.'8.1*).  A  lowe'i  c  l  ass.  i  t  i  cat  i  on  success,  rate  (.'0.  I*)  was. 
obt  aim'd  wlu'ti  measaii  es.  from  the  i  iqht  side  alone  (P4,  O')  wcie 
list'd.  The'se  results  indieate  that  measiu  e's  from  lx>t  h  left  and  i  iqht 
side's  carry  information  alvuit  the  informat  ion  proce'ssinq  eonditions., 
but  that  the'  left-side'  nteMSiirc's  carry  more  sueli  information  than 
t  hose*  I  tom  the*  t  iqht  side.  The*  fact  that  the  lett  side'  alone'  does 
as  well,  oi  tti'.uly  as  we'll,  as  when  both  side's  could  contribute'  to 
the'  elassifieat  ion  e'quat  ions  indicate'.';  that  the  nie'asure's  l  torn  the* 
i  iqht  side'  ar<-  larqe'ly  redundant  with  those*  t  t  om  the  le'tt  s.idt*. 

The'  s.ittqle  most  important  variate'  ot  the  ton  available  trout  each  side' 
was  t  lie  m  mu  amplitude'  ove't  480  ms.e'c  I  i  om  the  patietal  site'  (P*  tor 
le'tt  side'  alone',  P4  tot  riqllt  side'  alotlt'). 

Ksaentially  the*  same*  patte'in  ot  results  was.  obtained  tv'i 
additional  qroupinqs  ot  the  expe'r  inu'nt  a  l  eonditions  (Table'  1).  In 
order  to  ptovide  eompai  i  sons  which  invlude'd  the'  blank  control  tlashe's, 
the’  i  nt  orwat  ion  proeessinq  de's.iqn  was  simplifies!  by  iqnotinq  whet  ltei 
tin'  st  imuli  were*  le'tte'is  or  numbe'ts.  Whe'it  discriminat inq  the  blanks 
and  the*  te'sultinq  e'iqht  information  proee's.s.  i  nq  conditions  (re'lovant 
•  t  i  t  t  e '  l  e  *  v*  ,i  1 1 1  stimuli  X  4  inti  at  rial  positions)  the  sinqle'  be'st 
im-.i  ai<*  was  aq. \in  found  tv'  be*  the  me'an  amplitude*  over  480  mse'e 
i  *i!i  Pk  Hie'  tii*;t  tout  measure's  selevte'd  tot  inelusion  in  the 
•i  i  imin.il  urn  we'te'  t  i  om  the'  le*(t  he'inisphe'i’e'.  The*  t  i  nn  1  set  e't 
1 1  It  ■  r  1 1  'C  t  cd  i  no  l  lltle'el  five*  t  I  om  the'  le'tt  and  t  lit  e'e'  t  re 'III  the* 

»•  e  eit  at e  ly  e l ass  i  t  i e'd  (  j aekkn  i  t  e'el  1  *>  i .  I  *  v't  t  he'  ease's  . 
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TAB1.K  I 

Discrimination  of  experimental  Condit  ion;!  Using  Kp  Measures 
from  Both  Sides,  Celt  Side,  and  Right  Side 


Groups 

Chancre 

Hot  It 
Sides 

heft 

Side 

Right 

Side 

informat i on  Processing 

U>:  number  or  letter 

X  relevant  or  irrelevant 

X  -1  intratrial  positions 

b .  2  5  * 

28. 1* 
(Id.,  IR) 

2H.  It. 
(SP,  to) 

20.  t* 

(  IP,  to) 

Infor  mal  iorr  Processing 

d :  relevant  or  irrelevant 

X  ‘1  intratrial  positions 
and  blanks 

12.0* 

r>  t  .  1  * 
(rd.,  IK) 

51  .  d% 

( IP, 20) 

4b.  0* 
(HP, JO) 

Re levance 

3:  relevant,  irrelevant, 
and  blanks 

ti>.  0* 

8S .  0* 
(rd,,  IR) 

81 . 9* 

( 2  P ,  2  0 ) 

7b.  d* 
(5P,20) 

Stimuli,  physical 

!:  numbers,  letters, 
and  blanks 

tb .  0* 

70.  P* 
(bl.,2R) 

71.2* 
(4P  ,40) 

n  t.  1* 

(  tp ,  to) 

Individual  Subjects 
t) :  subject 

12.5* 

dt>.  >>* 

(21., HR) 

92.  s* 
(Sp,S0) 

d-1 . 4  * 
(ftp  so) 

entries  are  jackknifed  classification  success',  rates  (maximum 
for  ten  or  less;  variates;)  from  stepwise  discriminant  analyses 
(BMDP7M) .  Alt  were  significantly  better  than  chance.  The  values 
of  Chi  square  (l  dt  )  ,  corrected  tor  discontinuity,  ranged  from  -10.7 
to  loti. 7  (p  ■  .0001).  Below  each  percentage  the  number  ot  left 
and  right  variates  (I.  and  K)  or  number  of  parietal  and  occipital 
variates  (P  and  0)  used  in  the  classification  functions  are  given  in 
parentheses.  The  response  measures  wore  standardized  separately 
for  each  ot  the  subjects  before  performing  the  discriminant 
analyses  except  for  the  individual  subject's  attalyr.es.  I'.ach  subject's 
dat a  for  each  measure  were  transformed  to  z  scenes  with  mean  equal 
to  0  and  stan.  dev.  eqvtal  to  1.  This  procedure  has  been  found 
useful  in  reducing  t Hr-  effect  ot  individual  differences  upon 
subsequent  analyses  which  focus  oir  the  effect  of  expet  intent  a  1 
conditions  (Chapman  et  al. ,  ld78) .  The  general  conclusions  reached 
with  the  subject-standardized  measures  are  t  hi-  same  as  those 
obtained  with  the  raw  measures;  tire  main  differences  are  improved 
rates  of  classification  success  when  irrelevant  subject  differences 
have  been  removed . 
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Kostriot  ring  so  loot  ion  ol  v.n  inlrs  to  t  ho  loft  stele*  rcMuoen!  the* 
o lass  i  f  io.it  ion  aoout  aoy  only  slight  ly.  Me'le'ot  ing  vai  iatos  only 
from  the'  right  proeluoeul  a  svMtie'what  large'  i  evluot  ion  (Table*  1). 

Various  kinels  o(  t  utu-t  ion.*?  may  bo  asse's-a'.l  in  a  similai  matmoi 
by  using  appropriate'  olassi  t  ioat  ion  gioups.  K01  oxamplo,  t  ho  sitle' 
moro  rolate'ii  to  stimulus  rolovanoo,  re'gat  *11  oss  ol  stimulus  e't 
intratrial  position,  was  assossesl  bv  .1  i  sor  imi  nant  analyse'?*.  using 
throo  groups?  rolovant  ,  irtole'vant  ati.1  blank-  (Tablo  1'.  The' 
le'sults  sugge'st  that  the'  Le'tt -sieie'  bps  oarry  more'  ini  01  nut  i**n  oott- 
00 riling  stimulus  rolovanoo  (81.°*),  but  that  1  ight  sitlo  CP-  also  <!o 
a  goovl  job  in  elisv't  iminat  ing  re'lovanoe'  (7b. °*). 

W  h  i  e’h  sieie'  war:  moro  re' 1  at  oil  t  o  t  ho  vlitte'te'iit  physioal  stimuli 
was  asse'ssoel  by  ei  i  sor  imi  nat  ing  t  hi  e'o  .groups:  numbe'i  ,  le'tt  e't  s  ami 
blanks  (rogaixlloss  ot  role'vanoe'  or  intrati  ial  pev.it  ion).  The' 
rosulis  iiuiioate'  that  the'  variate";  t  rom  the*  le-tt  -.;>le'  are'  moro 
rotate'.!  t  o  *ii  IToronoev;  among  1 1 10  visual  stimuli  (Table'  I).  The* 
single'  most  important  vai  iato  was.  the'  amplitude'  at  U*'  tttse'v*  t  rom  the 
loft  oooipilal  aroa  (Ol). 

It  is  invisible*  te>  use'  this  elisoi  iminaut  analysis  tcvhnigue'  t  s 
asspss  whie-h  1 s  moro  le'latoei  t.'  i  1  !i  visual  ii  i  t  fe'ronoos .  Pot  this 
purpose*  the'  g  i\ nips  wore*  the'  »' i  ght  ineliviehial  subie'e-ts.  rot  t  hosi' 
analyru's  the'  raw  me'amire':;,  be'fe'ie'  subie'.'t  st  anetai  el  i /at  ion,  we'ie* 
use  'el .  v'lassitioat  ie'n  t  un>-t  ie'ns  we'ie'  computed  whie-h  o  1  as;?;  i  t  i  e'el  e'ae-h 

IT  e*ase'  t  1'  eMle'  of  the'  ?;ub  ]  e'e't  ■ .  ,  toga  lei  1  e'SS  e't  t  he'  e'Xpe't  imoiltal 
v  *e  'fie  I  i  f  teens  (?■*' le'vant  an.!  i  t  t  o  1  ovant  numbe'r  attel  le'tfe't  ,  an«l  blanks, 
in  fenit  int  rat  rial  posit  ie'ns).  Whe'n  iiu'asut  e':*.  ( rom  l\>t  h  ?*.  ielev.  we'ie' 
available',  ''b.‘'f  e't  t  lie'  IT  case's  we're'  ooitootly  e*  1  as?;  i  t  i  e'el  t the' 
inliviehial  subje'ct  by  elis.-t  iminaut  t  tinof  ie'n-.  us  i  iui  twee  le'tt  vat  iate 
aiul  oight  right  vai  i. it  os.  Moasure's  from  the'  le'tt  si»le'  alone*  eliel  not 
ele'  as  we'll  as  measure's  t  rom  the'  right  sieie'  atone'  (<>;'. r'^  anel  °4.4*, 

1  e'spoe.'t  ive'ly).  This  «'\*  i  .Umk-o  sugge':;t  s  that  the'  t  ight  •:  i  ele'  is  more' 
e  *  l  e '  s  e '  l  y  Pi'Iate'ei  t  e'  MUtivietlial  el  i  f  f  e'le'TU’e'r. . 

In  ge'iu'r.il  ,  the'  revuilts  inelie-.it  r  that  mi-asuie's  ove't  both 
horn i sphoros  ele'  a  re'asonably  goo*!  job  e't  el  i  sot  imin.it  imj  vat  ie'n;; 
e'Xpe't  i me'tit  a  1  ootiel i  t  i  otts  eittel  ineli  vi  eltial  r; .  The'  o l  a?:s  i  t  i  oat  i on 
aoourae'y  i  r;  we'll  alxnTe'  ohanoo  itt  e'Ve'ty  instanoe'.  Whe'ti  el  i  set  imi  nat  - 
ittej  informal  ie'tt  pt -ooe'ss  i  ng  >itat  art  ot  t  ;t  t»-s,  vat  iate's  t  t  vem  the'  le'tt 
homi  sphe'l'e'  are'  e'v'llP  i  r”. t  e'tt t  l  V  s«'l  e'e't  e'el  t  l  t  st  attel  attel  e't  t  e'tt  t  e't 
itu:  1  vis  ion  itt  the'  el  i  se-r  imi  nant  oepiat  ions.  Al  t  hough  the'  ei  i  tt  e'fe'tu'e's 
are'  not  st  at  i  st  ioa  1  ly  re'lial'le',  aevur.ioy  i  r*.  oon?;  i  ?;t  e'tit  ly  t  e'ehte-e-.l 
whoit  e'uly  Veil  ill  e'S  fte'm  tile'  1  ight  lie  '111  i  sphf'te'  ate'  use'll  in  the' 
el  i  se-r  imi  nat  i  e'tt.  This  oons  i  st  e'lioy  suejge'st  s  that  ttic'astn  <*s  tie  'tit  the' 
le'tt  stele'  ate'  more'  te'lati'el  t  e'  vat  i  our:  informat  ion  prooev.s  itiej  » 1 1  •  - 
t  itte’t  ie'ns  than  measure's  fl.Mtt  the'  1  ight  *'  i » 1« ' .  Me'asill  e'S  tte'tlt  the' 
light  sieie'  appc'at  t  e'  be'  ttte't  e'  t  e' t  .it  e'el  te'  i  tt.l  i  V  i  eltta  1  el  i  t  t  e't  e'ttoe":  . 
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SUMMARY 

In  a  number- letter  information  processing  experiment,  compar¬ 
ing  laterally  recorded  EPs  with  eacli  other  and  comparing  the  lateral 
EPs  with  previously  reported  midline  EPs,  the  similarities  are  more 
striking  than  the  differences.  However,  rather  subtle  hemispheric 
differences  which  are  reasonably  consistent  have  been  found.  The 
assessment  of  these  lateral  effects  was  facilitated  by  the  use  of 
control  stimuli  (blank  flashes)  and  by  particular  kinds  of  multiple 
discriminant  analyses.  These  have  provided  evidence  that  some  kinds 
of  processes  are  more  strongly  related  to  the  left  side  while  other 
processes  are  not.  Information  processing,  including  stimulus 
differences,  was  more  discriminated  by  EP  measures  from  the  left 
side.  Individual  differences  were  more  related  to  the  right  side. 
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INTRODUCTION 

The  electroencephalogram  (EEC)  and  evoked  potentials  (EP)  have 
long  held  the  promise  of  being  a  way  of  studying  the  sensory  pro¬ 
cessing  of  the  brain.  If  we  take  the  view  that  the  EEC  is  a  contin¬ 
uous  output  signal,  some  features  of  which  represent  the  response  to 
input  signals  consisting  of  sensory  stimuli,  we  have  an  input/output 
system  that  seems  suitable  for  application  of  engineering  analysis 
techniques.  Using  this  approach,  Clynes  et  al.  (1964)  studied  the 
brain  wave  responses  to  step,  ramp  and  sine  wave  light  stimuli. 

The  step  stimuli  allowed  them  to  obtain  the  transient  response  oF 
the  "system",  and  the  sine  wave  stimuli  allowed  them  to  obtain  the 
steady  state  response.  These  results,  as  well  as  the  work  of  other 
investigators  (Plonker,  1975;  Montagu,  1967;  van  der  Tweel  and  Vor- 
duyn-Lunel,  196 5 ) ,  have  demonstrated  the  nonlinear  nature  of  steady 
state  evoked  potentials  (SSEP) .  vor  stimulation  by  sine  wave  modu¬ 
lated  light  (SML)  in  the  frequency  range  5-9  Hz,  a  persistent  second 
harmonic  response  is  seen  even  at  very  low  modulation  depths.  Further 
evidence  of  nonlinearity  is  seen  in  the  poor  results  in  attempting 
to  predict  the  response  to  high  flash  rates  based  on  superposition 
of  responses  from  low  flash  rates. 

In  engineering  analysis  the  transient  response  is  usually 
characterized  in  the  time  domain  by  the  impulse  response,  whereas 
the  frequency  domain  is  normally  used  to  illustrate  the  steady  state 
response  via  a  transfer  function.  For  a  linear  system  the  steady 
state  frequency  response  can  be  obtained  by  the  Laplace  transform 
of  the  impulse  response;  thus  either  the  transient  or  the  steady 
state  response  is  sufficient  to  characterize  the  system  under  inves¬ 
tigation.  However,  in  dealing  with  a  nonlinear  system  the  transient 
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response  will  usually  not  be  sufficient  to  reveal  the  steady  state 
response. 

Recently  several  investigators  have  utilized  Wiener's  theory 
of  nonlinear  systems  to  develop  identification  technique  for  biologi¬ 
cal  systems  (French  and  Butz,  1973;  Marmarelis  and  McCann,  1973; 
Marmarelis  and  Naka ,  1974;  McCann,  1974).  This  theory  gives  a  des¬ 
cription  of  a  nonlinear  system  that  is  very  general  in  nature.  To 
call  the  description  a  transfer  function  is  usually  thought  of  as 
referring  to  frequency  characteristics.  However,  the  method  does 
give  a  closed  form  function  that  relates  the  output  to  the  input  in 
the  time  domain. 

Nonlinear  analysis  can  also  be  employed  when  the  input  to  a 
system  is  a  point  process  and  the  output  is  a  continuous  signal. 
Krausz  (1975)  derived  functional  representations  similar  to  Wiener 
for  the  case  of  a  Poisson  process  input.  This  method  has  been 
applied  to  investigation  of  human  somatosensory  EEG  responses  (RER) 
to  electric  pulse  stimulation  (Scalabassi  et  al.  ,  1977).  ’’’he  method 

has  been  termed  "functional  power  series  analysis"  and  involves  the 
assumption  that  the  nervous  system  operates  as  a  stochastic  trans¬ 
formation  represented  in  a  manner  where  the  continuous  output  is  an 
integral  expansion  of  continuous  kernels  and  a  discrete  input  func¬ 
tion.  The  kernels  are  analogous  to  Wiener's  and  have  the  same 
properties.  This  method  applied  to  SERs  has  revealed  that  the  non¬ 
linear  interactions  noted  may  produce  a  facilatory  or  an  occlusive 
effect.  These  results  have  been  useful  in  the  study  of  multiple 
sclerosis . 

The  rest  of  this  paper  will  give  a  brief  introduction  to  non¬ 
linear  analysis  methods  and  will  show  how  they  may  be  applied  to 
human  visual  evoked  responses  to  give  a  transfer  function  which 
relates  the  time  waveform  of  a  visual  input  stimulus  to  the  evoked 
EEG  output  signal.  Once  this  function  is  obtained  it  can  be  used 
to  predict  the  transient  and  steady  state  responses  to  visual 
stimuli  of  similar  form. 

Along  with  these  predictions  we  can  also  determine  the  nonlinear 
interaction  present  in  the  system  as  is  usually  obtained  by  recovery 
cycles  from  double  pulse  stimulation. 

NONLINEAR  SYSTEMS  THEORY 

Volterra  series  have  been  used  to  express  the  output  of  a  non¬ 
linear  system  with  memory  by  an  expansion  of  integrals  of  powers  of 
the  input  (Bedrosian  and  Rice,  1971).  Wiener  recognized  their  use¬ 
fulness  in  describing  nonlinear  circuits  and  developed  an  expansion 
that  allows  a  system  characterization  similar  to  linear  systems 
theory  (Wiener,  195R) . 
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Here  the  output  is  related  to  the  input  by  a  series  of  func¬ 
tionals  : 


y (t)  =  j  G  th  ,x (t)  ] 
_  n  n 


We  can  view  this  sytem  relationship  as  in  the  block  diagram  shown 
in  Fig.  1. 


The  are  a  complete  set  of  orthogonal  functions.  The  first 
three  are: 


G0[h1(x(t)] 


h 


0 


Gj[h1(x(t)]  =  /h  (T)x(t-x)dT 

coco  0 

G2 [h2 ,x (t) ]  =  //h2(T]/T2)x(t-T1)x(t-T2)dT1dT2-P/h?(T,T)dT 

00  o 

P  is  the  spectral  density  of  a  white  Gaussian  noise  input. 

The  { hn }  are  the  set  of  a  Wiener  kernels  characterizing  the 
system.  They  are  essentially  generalized  impulse  responses;  G^  is 
equivalent  to  the  linear  convolution  integral  and  hlf  the  linear 
impulse  response.  The  higher  order  kernels  essentially  describe 
the  amount  of  nonlinear  cross-talk  in  the  system. 


Fig.  1.  System  relationship  of  G  functionals. 
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The  system  identification  problem  is  now  one  of  finding  these 
kernels.  Lee  and  Schetzen  (1975)  developed  a  cross-correlation 
technique  where  the  general  result  is: 

1  n-1 

h  )  =  -  ’  (y(t)  -  E  G  |h  ,x  (t)  ]  ]  x  (t-a  i ) . . .  x  (t-a  ) 

n  n  n  _  m  m  1  n 

n'.p  m=0 

This  technique  is  based  on  a  scheme  of  delays  as  shown  in  Fig.  2 
for  the  second  order  case. 

The  actual  digital  solution  is  obtained  by  replacing  the  time 
averages  by  expected  values  which  are  estimated  by  discrete  time 
correlograms.  The  continuous  signals  are  replaced  by  their  discrete 
time  samples,  and  the  kernels  are  represented  by  their  values  at 
discrete  lag  times. 

Wiener  showed  that  two  nonlinear  systems  are  equivalent  if  and 
only  if  their  responses  to  the  same  white  noise  input  is  the  same. 

This  gives  a  method  of  testing  how  successful  the  system  indentifi- 
cation  was  by  comparing  the  model  response  to  the  actual  response. 

This  comparison  can  be  made  by  a  mean  square  error  measurement  (MSE) . 
Because  the  functionals  of  the  system  model  are  orthogonal,  we  know 
that  if  the  series  is  truncated  after  the  nth  term  (order)  the  re¬ 
sult  is  still  the  best  MSE  approximation  up  to  that  term. 

The  theory  is,  in  general,  applicable  to  a  wide  range  of  physical 
systems.  There  are,  however,  several  preliminary  considerations 


Fig.  2.  Two  dimensional  delay  used  for  system  identification. 
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before  attempting  NLTFA  (Marmarelis  and  Naka,  1074).  Two  main  re¬ 
quirements  of  a  system  are  that  it  be  time  invariant  and  that  it 
have  a  finite  memory.  if  ergodicity  cannot  bo  assumed,  solutions  can 
still  bo  worked  by  noting  that  for  random  processes  the  time  average 
of  the  ensemble  average  is  equal  to  the  ensemble  average  of  the  time 
average  (French  and  Butz,  1973).  Since  the  system  kernels  are  deter¬ 
ministic,  the  cross-correlations  can  be  averaged  across  replications 
to  give  satisfactory  results. 

Tlie  finite  memory  consideration  means  that  the  system  output 
must  not  depend  on  the  infinite  past  in  any  significant  way.  For 
all  physically  realizable  systems,  this  is  obviously  true.  The 
problem  is  one  of  figuring  how  much  of  the  past  is  necessary  in 
order  to  determine  the  output  to  a  desired  degree  of  accuracy.  Since 
the  kernels  can  be  computed  only  for  a  finite  number  of  lags,  this 
length  should  be  chosen  according  to  the  system  memory. 

There  are  several  parameters  that  must  be  determined  in  order 
to  perform  the  identifying  experiment:  (1)  bandwidth  and  dynamic 
range  of  stimulus;  (7)  length  of  experiment;  (3)  averaging  or  smooth¬ 
ing  of  input  and  output  signals;  (4)  sampling  rates.  The  order  of 
the  model  depends  on  the  nonlinearities  present,  and  a  second  order 
model  can,  at  most,  account  for  second  harmonic  responses. 

For  a  complete  review  of  this  type  of  nonlinear  analysis  see 
Hung  and  Stark  (1977).  palm  and  Poggio  (1977,  1978)  give  a  rigorous 
discussion  of  some  of  the  mathematical  problems  associated  witli  the 
Wiener  methods.  They  point  out  that  since  discrete  time  signals  are 
used  in  actual  practice,  many  of  those  difficulties  are  overcome. 


METHODS 

The  length  of  the  evoked  EEC  response  to  a  light  flash  is  on 
the  order  of  500  msec  as  found  in  standard  average  evoked  potential 
studies.  A  reasonable  starting  point  seems  to  be  a  model  that  would 
include  the  ability  to  predict  such  a  response.  With  this  in  mind, 
a  20  sec  stimulation  period  was  chosen.  This  appears  to  be  a  qood 
compromise  between  having  enough  length  to  compute  a  stable  cross- 
correlogram  and  being  short  enough  to  have  some  assumption  of 
stationarity  of  the  subject's  F.EG. 

It  is  clear  that  response  averaging  would  be  necessary  to  bring 
the  signal-to-noise  levels  into  the  region  where  the  analysis  might 
be  able  to  work.  Starting  with  the  assumption  that  at  least  as  many 
trials  as  are  necessary  for  normal  AF.T  work  would  be  required  meant 
collecting  about  sixty  trials.  An  actual  trial  consisted  of  25  sec 
of  white  noise  stimulation  followed  by  a  few  seconds  pause.  The 
light  level  was  left  at  the  average  level  of  the  stimulus  during 
the  rest  time  in  order  to  reduce  problems  with  adaptation  and  ini- 
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tial  eye  blink  transients.  The  last  20  sec  of  the  EEC  response  was 
recorded  for  eacli  trial. 


Stimulus  generation  and  control  of  data  collection  were  pro¬ 
vided  by  a  PDP-11  computer  based  system  for  stimulus-response  experi¬ 
ments.  Gaussian  noise  was  generated  by  averaging  twelve  values 
from  a  uniformly  distributed  random  process  and  multiplying  by  a 
desired  standard  deviation.  This  procedure  gives  noise  clipped  at 
plus  and  minus  6  standard  deviations.  The  Gaussian  random  numbers 
were  then  output  at  a  fixed  time  rate  to  a  digi tal-to-analog  con¬ 
verter  followed  by  a  low  pass  filter  to  remove  switching  transients. 
Bandwidth  was  thus  controlled  by  the  rate  of  output ,  and  dynamic 
range  was  controlled  by  the  choice  of  standard  deviation.  A  fre¬ 
quency  range  of  0-15  Hz  was  chosen  with  a  mean  stimulus  intensity 
of  60  footlamberts.  The  standard  deviation  was  set  at  a  half  log 
step  of  the  mean  value.  The  analog  signal  thus  derived  was  used  to 
drive  an  Iconix  photostimulator  which  utilizes  hot  cathode  fluores¬ 
cent  tubes.  These  tubes  were  set  behind  a  rear  projection  screen  of 
43  X  55  cm  placed  at  50  cm  from  the  subject's  eyes. 


Vertex  and  midline  occipital  leads  referenced  to  right  ear  were 
recorded  vising  gold  disk  electrodes.  The  EEG  amplifiers  used  iiad  a 
low  frequency  3  dp  point  of  0.5  Hz.  This  was  followed  by  an  active 
low  pass  filter  that  was  flat  to  42  Hz  and  down  45  dp  at  60  Hz. 

The  filtered  output  was  then  converted  to  10-bit  digital  values  at 
a  rate  of  100  samples  per  second  per  channel.  Each  of  the  trials, 
as  described  above,  consisted  of  the  same  white  noise  sequence. 

The  responses  were  recorded  on  disk  for  later  analysis. 


RESULTS 

Artifact-free  trials  were  averaged  together  to  give  a  2000 
point  data  record  for  both  the  vertex  and  occipital  responses. 

Split  half  averages  revealed  very  good  agreement,  indicating  the 
validity  of  the  response  to  this  type  of  stimulus.  The  stimulus 
signal  in  log  foot  lamberts  was  sampled  at  the  same  i  ate  to  provide 
a  2000  point  data  record  of  the  input  signal.  An  example  of  the 
stimulus  signal  and  response  averages  obtained  is  shown  in  Fig.  3. 

An  analysis  program  was  written  which  performs  the  cross- 
corrologram  computations.  The  program  is  sot  up  to  calculate  the 
first  and  second  order  kernels  and  the  model  responses  for  each  of 
them.  It  currently  is  running  on  a  pPP-11/40  and  has  a  limitation 
of  90  lags  and  1000  data  points.  For  an  analysis  with  a  model  of 
90  lags,  using  the  first  1000  points  of  the  vertex  response,  the 
resulting  first  order  model  response  (ol),  second  order  (02)  and  the 
total  model  are  shown  in  Fig.  ' .  The  percent  variance  accounted 
for  by  the  first  order  model  is  16.5,  and  for  the  first  and  second 
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one  sec 


Fig.  3.  Stimulus  and  response  records  with  first  and  second  order 
model  responses. 


order  together  it  is  70.  The  visual  agreement  between  the  model's 
response  and  the  actual  response  is  seen  to  be  quite  good.  Consid¬ 
erable  nonlinearity  is  indicated  since  the  percent  variance  account¬ 
ed  tor  statistics  indicates  that  the  major  contribution  to  the  model 
is  from  the  second  order  (i.e. ,  nonlinear)  model. 

The  linear  kernel  (hi)  can  be  presented  as  a  series  of  values 
at  the  discrete  lag  times  they  correspond  to.  The  nonlinear  second 
order  kernel  (h2)  ,  however,  is  two-dimensional,  and  so  a  simple 
visual  presentation  is  more  difficult.  The  kernel  may  be  thought  of 
as  consisting  of  two  parts.  The  first  is.  the  diagnonal  values  cor¬ 
responding  to  equal  lag  times  in  each  dimension.  These  represent 
the  memory-less  features  of  the  nonlinearity.  The  off  diagonal 
elements  represent  the  nonlinear  impulse  interactions  in  time.  These 
are  the  memory  features  of  the  nonlinearity.  Pig.  4  shows  the  first 
order  kernel  and  the  main  diagonal  of  the  second  order  kernel. 

The  question  arises  as  to  whether  the  distribution  of  values  in 
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IMPULSE  RESPONSE 


ill  III  III 
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Fig.  4.  First  and  second  order  kernel  impulse  responses. 


the  second  order  kernel  reveals  anything  about  essential  features  of 
the  system  under  study.  The  form  of  h2  for  a  memory-less  nonlinear¬ 
ity  followed  or  preceded  by  a  linear  system  is  easily  computed 
(French  and  Wong,  1977).  For  a  memory-less  nonlinearity,  such  as  a 
rectifier  followed  by  a  linear  filter,  the  second  order  kernel  has 
values  only  along  the  diagonal  a  d  exhibits  no  nonlinear  interaction 
in  time.  This  also  indicates  that  such  a  system  will  still  obey 
linear  superposition. 

For  a  linear  system  preceding  a  rectifier,  the  nonlinear  kernel 
does  have  off-diagonal  values.  This  form  clearly  gives  an  increase 
in  nonlinear  interaction  times.  Similar  results  are  found  if  a 
general  nonlinear  kernel  is  considered  to  be  preceded  or  followed 
by  a  linear  filter.  For  a  linear  system  following  h2,  the  effect 
is  to  smear  h2  out  along  lines  parallel  to  the  diagonal.  For  the 
case  of  a  preceding  linear  system,  h2  is  spread  out  both  parallel 
and  perpendicular  to  the  diagonal  (Stark,  1968). 

For  the  results  here  the  major  values  of  h2  are  seen  to  be 
along  the  diagonal  with  the  most  nonlinear  interaction  being  con¬ 
tained  within  a  relatively  short  period  of  time  (i.e.,  close  to  the 
diagonal).  A  lot  of  smearing  parallel  to  the  diagonal  is  also  noted. 
These  indications  would  suggest  that  a  short  response  system  precedes 
the  nonlinearity  while  a  longer  response  time  system  follows  it. 
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Facilitation  Effects  of  Nonlinear  Interaction 

The  amount  of  off-diagonal  activity  in  the  second  order  kernel 
indicates  the  amount  of  nonlinear  interaction  present  in  the  system. 
In  order  to  more  clearly  quantify  this  interaction,  a  comparison  of 
model  responses,  with  and  without  nonlinear  interaction,  was  under¬ 
taken.  In  EP  work,  recovery  cycles  are  usually  studied  by  looking  at 
the  effect  of  a  preceding  pulse  spaced  some  variable  length  of  time 
before  another  pulse.  If  nonlinear  interaction  is  not  present,  the 
response  to  the  second  pulse  will  be  a  linear  superposition  of  the 
responses  to  each  pulse  spaced  appropriately  in  time.  To  simulate 
that  situation,  the  diagonal  only  of  the  h2  response  was  used  to 


VERTEX 

MODEL 


5.  Shaded  area  is  the  difference  between  responses  to  double 
pulses  computed  with  and  without  nonlinear  interaction. 
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msec  between  pulses 

Fig.  6.  Ratio  of  predicted  responses  to  double  pulses  computed 
with  and  without  nonlinear  interaction. 


compute  an  impulse  response  by  superposition  with  the  response  to  an 
impulse  some  delay  before.  This  may  be  contrasted  to  the  response 
to  the  second  pulse  using  the  full  nonlinear  kernel.  Fig.  5  shows 
the  results  of  this  computation  for  several  values  of  delay  time  be¬ 
tween  pulses.  The  major  result  of  the  interaction  is  seen  to  be 
an  initial  facilitation  of  the  response.  The  action  of  a  pulse  20 
msec  before  another  is  to  increase  the  size  of  the  response  consider¬ 
ably  over  what  would  be  expected  by  linear  superposition  alone. 

These  results  may  be  quantified  by  comparing  some  measure  of  interest 
for  each  response.  The  maximum  peak-to-peak  value  of  the  response 
within  the  first  350  msec  was  used  in  this  case.  The  ratio  of  these 
measures  for  the  two  cases  is  plotted  versus  the  time  between  pulses 
in  Fig.  6.  These  curves  are  similar  to  those  reported  in  the  litera¬ 
ture  for  SERs  (Shagass,  1972).  However,  two  pulse  experiments  using 
visual  stimuli  have  not  been  widely  carried  out. 

Although  the  difference  in  the  form  of  the  pulse  response  be¬ 
tween  the  vertex  and  the  occiput  is  clear,  the  form  of  the  facili¬ 
tation  curve  is  similar.  Both  show  an  early  peak  and  then  a  refrac¬ 
tory  period  followed  by  an  even  response.  As  pointed  out  earlier, 
the  spreading  of  the  nonlinear  kernel  perpendicular  to  the  diagonal 
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Pediction  of  the  Transient  Response 

Vertex  and  occipital  standard  average  evoked  potentials  were 
also  collected  using  the  same  equipment.  The  EP  experiment  was  one 
designed  to  study  the  relation  of  response  measures  to  stimulus  in¬ 
tensity  (Buchsbaum,  1978).  Four  intensities  of  light  (3,  25,  80  and 
220  foot lamberts )  were  presented  randomly  intermixed  but  counter¬ 
balanced  for  preceding  intensity.  The  individual  stimulus  was  a 
half  second  light  flash  using  the  Iconix  photostimulator.  The  Fix; 
response  for  512  msec  after  stimulus  onset  was  averaged  for  sixty- 
four  presentations  of  each  intensity.  Sampling  rate  was  250  Hz, 
giving  12*1  samples  per  average.  A  computer  program  was  written  to 
generate  the  transfer  function  model's  response  to  similar  transient 
stimuli.  A  half-second  step  function  was  used  as  the  input  signal, 
and  the  kernel  outputs  were  computed. 

When  using  different  size  step  functions  as  input  to  the  trans¬ 
fer  function,  it  is  seen  that  the  relative  contributions  to  the  total 
response  of  the  linear  (Gl)  and  nonlinear  (G2)  components  are  also 
different.  This  is  shown  in  Fig.  7  for  the  vertex  response.  It 
can  be  seen  that  while  the  latencies  of  the  peaks  of  the  predicted 
response  are  quite  similar  to  the  actual  AF.p,  the  relative  sizes  of 
the  peaks  depend  on  the  differential  contributions  from  Gl  and  G2. 

in  looking  at  a  sequence  of  Aid’s  to  various  intensity  stimuli, 
similar  shifts  of  peak  size  are  noted  (Buchsbaum,  1978) .  The  sug¬ 
gestion  provided  by  this  model  is  that  some  of  this  empirically  noted 
variation  may  be  due  to  differential  stimulation  of  separate  linear 
and  nonlinear  elements  in  the  system.  This  result  is  quite  similar 
to  that  for  the  model's  predicted  SSl'.Ps. 

More  Late  activity  is  noted  in  the  model's  response  than  is 
usually  seen  in  F.Ps.  This  may  reflect  the  fact  that  the  transfer 
function  was  arrived  at  by  steady  state  stimulation  which  does  not 
adequately  follow  the  decay  time  of  the  actual  response  mechanisms. 
Some  of  the  late  activity  is  seen  to  be  at  the  alpha  frequency,  sug¬ 
gesting  again  the  interrelation  of  EPs  with  ongoing  activity. 

The  model  should  be  adjusted  to  allow  for  changing  the  relative 
sizes  of  the  linear  and  the  nonlinear  portions  of  the  response.  This 
would  allow  closer  study  of  whether  the  parallel  system  idea  can 
account  for  changes  in  waveforms  with  increasing  stimulus  intensity. 
Further,  a  rigorous  test  is  required  to  ascertain  whether  the  model 
really  reflects  individual  differences  in  waveform  shape.  This  could 
lx’  achieved  by  selecting  subjects  with  reliable  but  clearly  different 
AEPs  and  seeing  if  the  transfer  function  identified  for  each  subject 
is  successful  in  reflecting  this  difference. 
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SUMMARY 

This  study  develops  a  method  of  nonlinear  transfer  function 
analysis  that  is  applicable  to  human  KUO  research.  A  white  noise 
stimulation  experiment  that  allows  indent i f icat ion  of  the  Wiener 
kernels  of  a  nonlinear  system  is  shown  to  be  successful  in  modeling 
the  human  visual  KKG  system.  Results,  which  are  presented  for  lnjth 
vertex  and  occipital  KKG,  show  that  over  7(H  of  the  response  variance 
is  accounted  for.  The  resulting  nonlinear  transfer  function  is 
shown  to  be  useful  in  studying  several  aspects  of  KKG.  Nonlinear 
interaction  in  the  model  accounts  for  facilitation  effects  as  seen 
in  recovery  cycle  studies,  frequency  response  characteristics  are 
also  developed  which  suggest  the  existence  of  separate  linear  and 
nonlinear  pathways  in  the  visual  system.  Prediction  of  the  tran¬ 
sient  response  by  the  model  is  found  to  agree  with  actual  AKPs  to 
different  intensities  of  stimulation.  The  resulting  waveform 
appears  to  be  a  summation  of  differential  contributions  of  linear 
and  nonlinear  components. 
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SOMATOSENSORY  EVOKED  POTENTIALS  IN  MAN:  MATURATION,  COGNITIVE 
PARAMETERS  AND  CLINICAL  USES  IN  NEUROLOGICAL  DISORDERS 


John  E.  Desmedt 

Brain  Research  Unit,  University  of  Brussels 
US  Boulevard  do  Waterloo,  Brussels,  Belgium 


The  cerebral  somatosensory  projection  was  the  first  to  be  map¬ 
ped  in  primates  and  studied  in  intact  man.  While  many  publications 
have  been  dealing  with  the  visual  or  auditory  modalities  (cf.  Dee¬ 
med  t  ,  1977a, c)  the  somatosensory  evoked  potentials  (SEP)  have  only 
recently  become  a  topic  for  the  many  studies  which  elaborate  on  the 
earlier  work  (cf.  Giblin,  1964;  Debeeker  and  Desmedt,  1964;  Halliday, 
1967).  EPs  are  smaller  and  more  localized  on  the  scalp  than  the 
auditory  or  visual  EPs.  Furthermore  t he  fast  early  components  of 
the  SEP  have  been  distorted  or  missed  in  many  studies  that  were  done 
with  inadequate  amplifier  bandpass  or  computer  sampling  rate  (Des¬ 
medt  et  al . ,  1974).  When  these  and  other  methodology  problems  are 
duly  considered  (Desmedt,  1977d) ,  SEPs  offer  outstanding  opportun¬ 
ities,  namely  because  far  field  and  primary  cortical  components, 
as  well  as  later  components,  can  be  studied.  Another  feature  is  the 
remarkable  length  of  the  somatosensory  pathway  extending  from  peri¬ 
pheral  nerves  to  spinal  cord,  brain  stem  and  cortex  which  makes  the 
SEP  susceptible  to  a  variety  of  pathological  assaults  that  can  be 
diagnostically  explored  by  appropriate  procedures.  Finally  SEPs 
recorded  during  perceptual  decision  tasks  can  differentiate  cogni¬ 
tion  related  changes  involving  either  the  early,  middle  range  or 
later  components  in  somatosensory  perception  (Desmedt  et  al . ,  1965; 
Desmedt  and  Robertson,  1977a, b;  Desmedt,  1977e) . 

Normalization  of  SEP  studies  is  only  beginning.  The  SEPs  re¬ 
corded  at  the  contralateral  scalp  over  the  postcentral  gyrus  com¬ 
prise  many  subcomponents  with  diverse  consistencies  across  subjects 
and  with  different  significance.  Many  current  ambiguities  or  con¬ 
tradictions  appearing  in  the  literature  can  be  related  to  differences 
in  control  of  various  parameters.  For  example,  the  stimulus  used 
to  elicit  SEPs  is  generally  an  electric  shock  to  a  mixed  nerve 
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trunk.  This  technique  is  rather  painful  for  the  subject,  and  it  has 
more  limitations  than  currently  believed  because  so  many  nerve 
fibers  of  different  significance  are  simultaneously  fired.  It  is 
wiser  to  restrict  the  input  to  the  afferent  fibers  from  a  skin  area 
by  delivering  the  stimulus  to  fingers,  toes  or  branches  of  sensory 
nerve  (Desmodt,  1971).  The  SKI'  latency  is  affected  by  stimulus 
intensities  in  a  range  close  to  threshold  (Desmedt  et  al . ,  1976). 
Intervals  between  stimuli  in  a  series  should  preferably  be  random, 
and  the  mean  frequency  should  not  exceed  1/sec.  When  studying  slow 
component  waveforms  the  intervals  should  certainly  exceed  4  sec  to 
minimize  sequential  distortions  and  interactions  (Desmedt  and 
Debecker,  1972) . 


The  EP  components  are  conveniently  identified  by  their  polarity 
and  peak  latency  (Donchin  et  al.,  1977).  Several  factors  affect 
the  latency  of  the  early  SEP  components.  Any  lowei ing  of  t issue 
temperature  around  the  peripheral  nerve  increases  the  SEP  latency 
since  the  afferent  conduct  ion  velocity  drops  with  a  y)10  of  1.5  to 
2.0  with  temperature;  it  is,  therefore,  important  to  exclude  this 
source  of  variation  by  checking  local  temperatures  with  a  thermistor 
and  by  maintaining  them  at  physiological  range  (Desmedt,  1971). 

Another  factor  is  the  body  size  which  influences  the  distance 
actually  traveled  from  the  stimulation  point  to  the  brain.  For 
example,  in  normal  adults  the  onset  latencies  of  the  first  cortical 
event  N22  of  tire  SEP  to  finger  stimulation  varies  from  15.5  to  22  ms 


Fig.  1.  Onset  latencies  (msec,  ordinate)  of  N22  of  the  Sl'P  to 
electric  stimulation  of  fingers  of  the  contralateral  hand  in  normal 
dults,  fifteen  females  (circles)  and  thirty-two  males  (dots).  The 
abscissa  represents  the  atm  length  in  cm,  as  measured  from  the  stimu¬ 
lating  cathode  to  the  shoulder  (acromion  bone)  with  the  arm  stretched 
From  d.E.  Desmedt  and  E.  Brunko,  1978. 
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ui  persons  of  body  size  ftom  l.S  to  J.O  m  (Fig.  1).  The  (wak  laten- 
oy  of  NJJ  can  range  from  about  1'*  to  .'•!  msec.  For  purixases  ot  no¬ 
menclature,  one  can  label  the  component  from  it-  actual  peak  latency 
m  the  subiect  (e.g.,  NJ1  ot  N.'l),  ot  else  use  N.V  t hrounhout  with 
the  under  st  and  tin]  that  a  variation  of  *  )  msec  can  occur  tot  differ¬ 
ent  body  builds  (ct.  Pouch l n  et  al.,  ln?7;  Pesmedt  and  Urunko,  1  •>  *« )  . 
The  true  s  ign  r  f  i  cance  ot  latency  differences  for  early  SF1'  component  : 
should  be  caretully  cons  i  de  t  ed  when  compat  ing  sub  led  s  ot  ditterent 
.lues  (Desmedt  and  Oheron,  1'178)  ot  clinical  patients  with  nervous 
lesions . 


It  has  not  been  appreciated  that  the  electric  stimulation  o! 
ditterent  skm  areas  elicits  St.'1's  with  genuinely  different  waveforms 
either  in  the  normal  adult  (Pesmedt  and  Rrunko ,  l'>78>  ot  m  the  new¬ 
born  (Pesmedt,  l''  tl.  Flu.  -'8  shows  the  prominent  early  N.'-l  corti¬ 
cal  FFF  component  elicited  by  stimulation  of  the  median  nerve  m  a 
normal  neonate  dut  l  nu  s  low  wave  sleep.  The  N.'-l  component  presents 
similar  features,  but  slightly  longer  duration,  m  the  neonate  dur¬ 
ing  rapid  eye  movement  sleep  (Pesmedt  and  Manil,  l->’0).  This  N.'-l 
iJ’  recorded  over  tin*  post  cent  ral  cortex  about  -*  s  min  t  r  om  tin1  midline 
but  it  is  barely  seen  at  the  midline  m  A. 


By  contrast  ,  stimulation  ot  the  (roster dor  tibial  nerve  in  the 
same  session  elicits  an  SKF  with  an  ('at  ly  -sit  t  leal  (*os  i  t  ive  component 
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Fig.  J.  Normal  newborn  ot  three  days,  slow  wave  sleep.  t'ompat  (son 
of  the  early  components  of  the  SET  to  st  i mu l at  ion  of  the  right  median 
nerve  at  the  wrist  (A, 8'  or  of  the  right  posterior  tibial  nerve  at 
the  ankle  (C,P).  The  averaged  bid's  are  simultaneously  recorded  from 
two  scalp  locations  shown  on  the  left  side.  The  reference  is  a  mid- 
frontal  electrode.  Negativity  ot  the  active  electrode  registers 
upwards  in  all  records.  From  d.F.  Pesmedt ,  1071. 
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that  is  not  preceded  by  a  large  negative  comjKinent  ;  this  early 
Shi'  component  to  foot  stimulation  occurs  close  to  the  midline  (C) 
but  not  at  the  more  lateral  scalp  location  (D) .  These  and  other 
recent  results  are  in  line  with  Penfiel  ’’s  cortical  somatotopy  in 
man.  Extensive  data  on  tin  profiles  and  scalp  topoqraphy  of  corti¬ 
cal  SKhs  to  stimulation  of  different  skin  areas  cun  be  found  else¬ 
where  (Ivsmedt  and  Brunko,  1978)  . 


MATPKATION 

The  SEP  of  newborns  presents  character  ist  ic  feature:,  related 
to  the  immaturity  at  birth  of  both  the  human  brain  and  the  afferent 
fibers  of  t  lie  somat osensory  pathway.  Pot  example,  the  neonate  SEP 
to  finger  stimulation  presents  a  prominent  cortical  N30  which  has 
a  much  slower  time  course  than  the  corresponding  N22  component  in 
the  adult.  Tln>  mean  onset  latency  of  N30  in  the  newborn  is  2 2  msec, 
and  its  mean  duration  is  18  msec  during  rapid  eye  movements  sleeping 
or  waking  and  JO  msec  during  slow  wave  sleep  (Dosmedt  and  Manil, 
1970).  The  mean  duration  of  the  homologous  N22  in  the  adult  is  4 
msec  (Desmedt  et  al.,  1976). 

During  maturation  after  birth,  a  gradual  change  of  the  N 1 0 
component  occurs  whereby  the  adult  pattern  is  slowly  acquired  over 
a  period  of  several  years.  Pig.  ) A-C  shows  typical  SKPs  to  finger 
stimulation  at  eight  months .  At  this  age,  the  large  early  negative 
component  presents  a  rather  short  latency  of  16  msec.  Por  compari¬ 
son  the  SPPs  of  two  adults  (Fig.  3D,F)  present  a  latency  close  to 
the  mean  of  19  msec  and  an  N22  of  about  4  msec  duration.  Anothei 
major  feature  of  SEP  maturation  depicted  in  these  records  is  the 
increase  of  the  subsequent  positive  P28  component.  As  discussed 
elsewhere,  in  relation  to  morp’holog ical  data  in  immature  mammals 
(Purpura  et  al.,  1964),  the  prominence  of  the  negative  N 10  at  birth 
in  man  can  lie  related  to  the  precocious  development  of  the  superfi¬ 
cial  axo-dendritic  thalamocort ical  synapses  on  cortical  pyramidal 
neurones.  The  subsequent  reduction  in  duration  of  the  negative 
component  together  with  the  increase  in  size  of  P28  may,  in  part, 
reflect  the  later  development  of  synapses  on  t ho  basal  dendrites 
of  the  cortical  pyramids  (ef.  Desmedt,  1971;  Desmedt  et  al.,  1976). 

Shortage  of  space  does  not  allow  a  review  of  data  about  scalp 
topography  of  these  and  other  SEP  components,  but  it  is  already 
obvious  that  studies  along  these  lines  are  uncovering  unsuspected 
features  of  maturation  of  the  human  brain.  For  example,  the  ques¬ 
tion  of  the  changes  of  onset  latency  of  the  early  cortical  negative 
SEP  component  with  age  raises  several  issues.  The  mean  onset  laten¬ 
cy  is  22.6  msec  in  newborns  and  18.8  msec  in  adults,  a  highly  signi¬ 
ficant  difference  (p  0.001):  however,  the  onset  latency  is  much 
shorter,  between  12.8  and  16.0  msec  in  children  from  about  six 
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months  to  nine  years  (Desmedt  et  al.,  1976).  This  somewhat  surpris¬ 
ing  finding  can  be  resolved  if  one  takes  into  account  the  increase 
in  length  of  the  somatosensory  pathway  as  the  child  grows.  The  body 
size  of  the  twenty-nine  subjects  we  studied  is  plotted  an  the  lower 
part  of  Fig.  4.  For  roughly  assessing  the  factor  of  pathway  length, 
we  divided  the  onset  latency  of  N22  by  the  body  size  and  found  a 
highly  consistent  profile  (Fig.  4,  lower  part,  dots)  which  is  fitted 
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Fig.  4.  The  changes  in  onset  latency  of  the  early  cortical  negative 

component  of  the  SEP  with  age  (abscissa,  months  or  years).  Upper 

graph,  onset  latency  in  msec.  Only  the  mean  value  with  the  standard 

deviation  is  indicated  for  the  newborns  and  for  the  adults  rectangle 
of  the  right.  Lower  graph,  the  body  size  of  the  same  subjects  in 
cm  (ordinate  on  the  right  side;  circles)  and  the  onset  latency  of 
SEP  divided  by  the  body  size  (ordinate  on  the  left  side, -dots) .  From 
Desmedt  et  al.  (1976). 
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Fig.  3.  Different  SEP  profiles  in  infants  and  in  adults.  SEPs 
elicited  by  stimulation  of  two  fingers  of  the  contralateral  hand 
with  brief  pulses  of  10  mA.  A-C,  female  child  of  eight  months  and 
twenty-one  days,  7.1  kg  and  67  cm  body  size.  A  and  C  are  different 
runs  but  same  active  recording  electrode  located  over  the  postcen¬ 
tral  gyrus  60  mm  lateral  to  the  midline.  B  is  recorded  with  an  elec 
trode  50  mm  from  the  midline.  The  three  SEPs  consistently  show 
onset  latencies  and  N22  duration  characteristic  for  that  age.  D, 

SEP  recorded  in  a  normal  male  adult  of  twenty-seven  years.  E,  SEP 
recorded  in  another  male  adult  of  thirty-six  years.  Finger  stimuli 
delivered  at  random  intervals  with  a  minimum  of  1  sec.  Bandpass  of 
the  recording  system  0.3  to  3000  Hz.  All  subjects  awake  with  eyes 
open.  F,  calibrating  step  function  of  0.5  pV  for  A-C  and  of  1.25 
uV  for  D  and  E. 
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by  a  negative  power  function  calculated  as: 

y  =  32.44  X  "°-221  (r2  =  0.962) 

This  procedure  largely  eliminates  body  size  as  a  factor  and  depicts 
what  is  expected  in  an  ideal  population  that  would  not  grow  and 
would  remain  at  a  constant  body  size  of  one  meter  (Desmedt  et  al.( 
1976) .  Then  the  onset  latency  of  N22  would  be  46  msec  at  birth 
(for  a  newborn  of  one  meter  body  size)  and  11  msec  in  the  standard 
adult  (also  of  one  meter  body  size) .  The  graph  is  helpful  for  fo¬ 
cusing  on  true  maturational  features  of  the  somatosensory  pathway, 
once  the  effect  of  distance  traveled  by  the  afferent  impulses  is 
excluded.  Thus  it  takes  about  eight  years  for  a  child  to  acquire 
adult  conduction  velocities  (CV)  along  the  entire  somatosensory 
pathway.  These  data  emphasize  the  remarkably  slow  maturation  of 
somatosensory  afferent  conduction  in  man  (Desmedt  et  al.,  1976). 

The  above  data  dissociate  pathway  length  and  axonal  maturation 
as  factors  determining  the  onset  latency  of  SEP  from  birth  to  adult¬ 
hood.  A  further  study  can  provide  more  detail  by  recording  the 
sensory  nerve  action  potentials  (cf.  Dawson,  1956;  Gilliatt,  1973). 
The  maximum  sensory  CV  estimated  from  the  nerve  potentials  elicited 
by  finger  stimulation  is  mucli  slower  in  newborns  than  in  adults 
(Gamstorp  and  Shelburne,  1965;  Desmedt  et  al.,  1973)  in  agreement 
with  the  differences  found  for  sensory  axon  diameters  (Guthrecht 
and  Dyck,  1970).  In  normal  full-term  newborns  the  sensory  CV  var¬ 
ies  between  21  and  34  m/s  and  it  rapidly  increases  to  the  adult 
range  of  60  to  75  m/s  in  the  12-18  months  after  birth  (Desmedt  et 
al.,  1973).  This  rather  fast  maturation  rate  of  the  peripheral  sen¬ 
sory  axons  cannot  account  for  the  much  slower  changes  in  cortici- 
petal  conduction  depicted  in  the  lower  graph  of  Fig.  4. 

The  problem  can  be  clarified  by  plotting  the  progress  of  the 
peripheral  sensory  nerve  volley  and  by  extrapolating  the  calculated 
peripheral  sensory  CV  to  the  segment  between  Erb's  point  and  the 
dorsal  column  nuclei  at  the  first  cervical  level  (Fig.  5).  The 
sensory  nerve  and  Erb's  point  recordings  provide  consistent  CV  val¬ 
ues  of  67,  52  and  21  in/s  in  the  subjects  illustrated.  The  latency 
extrapolated  for  the  DC  nuclei,  namely  15,  8  and  9  msec,  is  a  little 
longer  than  the  onset  latency  of  the  neck  potential  to  finger  stimu¬ 
lation.  As  previously  suggested  (Desmedt,  1971),  it  is  then  possible 
to  divide  the  time  interval  to  the  onset  of  cortical  SEP  (corrected 
for  three  synaptic  delays)  by  the  measured  distance  from  the  base 
of  the  skull  to  the  postcentral  area  in  order  to  obtain  an  estimate 
of  the  "central"  somatosensory  CV;  this  gives  56,  21  and  7.5  m/s, 
respectively,  for  the  adult,  infant  and  newborn  subjects  in  Fig.  5. 
Detailed  results  not  reported  here  indicate  that  the  maturation  rate 
of  the  central  somatosensory  axons  is,  indeed,  the  major  factor  for 
the  slow  changes  of  onset  latency  of  SEP  as  a  function  of  age  after 
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Fiij.  5.  Per  i  phoral  and  central  afferent  conduction  of  a  sensory 
volley  elicited  by  stimulation  of  finueis  11  and  111  in  an  adult  of 
twenty  years  (A),  an  infant  of  7 . A  months  ( B )  and  a  newborn  of  five 
days  (C)  .  Abscissa,  latency  in  ms.ee  of  t  hi'  earliest  component  re¬ 
corded  at  peripheral  nerve  potential  of  cortical  SKI’.  Ordinate, 
distance  in  cm  traveled  by  the  afferent  volley  from  the  fingers. 

The  same  scale  is  used  for  each  subject  to  emphasize  the  different 
body  sizes.  The  thicker  dots  correspond  to  the  latency  at  the  wrist 
or  at  Krb’s  point  (supraclaviculat  fossa  :  brachial  plexus).  The 
peripheral  afferent  OV  is  extrapolated  to  the  level  of  dorsal  column 
nuclei.  The  dotted  line  corresponds  to  conduction  from  the  DC  nuclei 
to  the  postcentral  cortex.  The  values  proposed  for  t  hi'  "central" 
conduction,  namely  56,  .’l  and  7.5  m/s  have  been  corrected  for  three 
delays.  (From  Desmedt  et  al.,  1973.) 


birth.  This  factor  had  not  been  disclosed  until  these  evoked  poten¬ 
tial  studies  which  raise  important  issues  about  the  kinetics  of 
maturation  of  the  various  pathways  of  the  human  brain  (Desmedt  et 
al.,  1976).  The  method  is  relevant  for  clinical  studies  to  identity 
peripheral  versus  central  disorders. 
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i\  V  ,N  l  TU'N  KIM.ATKP  SIT  POMIH'NINTS 

It  is  known  that  the  suh  loot's  attention  to  task  *«t  im\i\  i  in 
t  luetioos  tho  waveform  of  the  cot  t  ospottdimi  evoked  potentials.  This 
paiametot  should  novel  ho  ignoted  oven  when  no  •  p.s  ifio  t  .o  k  \ 
given  to  t  ho  -  sub  loot  (.is  i  n  st  anM.it  M  clinical  tests)  hoeanso  tin 
controlled  attontion  shifts  intt<>Miico  1  noons  i  st  otto  t  os  (of.  Pouch  in 
ot  a l  .  ,  1**7  7).  The  In'st  known  cognition  totaled  oiimponont  t  s  t  ho 
1*100,  a  posit  i vo  wavo  ot  ."gt-SOO  msec  poak  latonoy  ol  tntcnl  hy  task 
tolovant  signals  which  tosolvo  t  ho  sub  loot's  vutoot  t  a  i  nt  y  (Stilton 
ot  a  l  .  ,  1  **hr' ;  PosmoMt  ot  a  l  .  ,  l  **(>•';  Vaughan  ami  Kittoi  ,  lu7o»  Mill 

yaiil  anil  l'icton,  1978)  .  The  r  100  ran  ho  elicited  in  putely  simtato 
.onsot  y  (thus  i  nt  t  amoMa  \  \  t  y )  patadigros.  hot  example,  t  an.lom  o 
quonoos  of  no.it  t  ht  oshol  M  elootiioal  stimuli  ato  MolivotoM  to  two 
t  ingots  ot  oaoh  hand,  and  t  ho  suhjoot  is  asked  to  pay  at  t  ont  ion  and 
oount  t  ho  stimuli  to  ono  des  ignat  oil  f ingot  (target  signals)  in  each 
tun  (iVsmoMt  ot  al  .  ,  1**77;  PosmoMt  anil  Kobot  t  son  ,  1977a, h)  . 

Fig.  ('  shows  positive  oMttponont  s  of  about  400  ittsm  poak  latonoy 
in  tliis  oaso  (tin-,  nantoil  1'400)  elicited  hy  t  ho  taigot  signals,  no 
mat  tot  whioh  of  t  ho  font  (ingots  is  designated  in  any  run  (Alt  .  Tho 
1*400  Moos  not  appoat  in  tho  SIM's  t  o  iMont  ioal  stimuli  when  those  ato 
not  tat  got  s  in  tho  task  ami,  thotofoto,  tomain  l  at  go  l  y  igttotoM  by 
t  ho  suh  joot  (Hi )  . 

Whim  tho  t  atnlom  sequence  of  font  (ingot  stimuli  is  oat  t  ied  out 
at  a  fastot  paoo  (lru>  min  instoaM  of  40  min  moan  t  anMom  into),  tho 
identification  hy  tho  sub  loot  of  tho  t at  got  signals  hi  s  ome  -  gu i t o 
Milfioult,  ami  a  now  component  omit  s  in  tho  SIM'.  A  negative  wavo 
with  poak  latonoy  of  lr»0  msec  appeals  to  tat  got  signals  anM  also 
in  the  Sll'  to  nont  argot  signals  delivered  to  tho  aM  iaoont  f ingot  of 
tho  same  (at  t  onMoM)  hand  (Fig.  7).  This  NISO  reflects  a  special 
ivtohtal  processing  that  is  toguitod  to  distinguish  tho  tat  got  anM 
nontargot  signals  arriving  f  tom  two  voty  oloso  skin  atoas.  That  tho 
M i f  to t  ont  i at i on  is  o  f  f i o i ont  is,  indeed,  i  ml  i oat  oM  hy  tho  soot o  of 
the  suh  foot  aftoi  oaoh  run;  it  i  s  also  interesting  that  a  \'400  com 
ponent  only  appeals  in  the  SIM'  to  tat  got  .signals  whioh  suggests  that 
tho  P400  may  index  eoiuplot  ion  of  s»Miiat  osonsoiy  taigot  iMont  it  tea 
t  ion  (IVsmeMt  and  Kohoitson,  l*>77a,h). 

Tho  next  problem,  whet  hot  pt  im.it  y  IT  oomponont  s  ate  influenced 
hy  t  hi'  oognitivi'  tasks,  oatt  ho  sulwii  t  t  oM  to  a  ot  it  ioal  test  with 
tho  SIT  in  whioh  the  eat  ly  cottical  oomponont  s  ot  tho  posteonttal 
pro  lection  ato  detected  (this  t  r;  not  so  readily  achieved  ut  auMttoty 
ot  visual  modal  it  ies)  .  I’von  when  latgo  onhatu'emont  s  of  Nl*'0  ot  p400 
oivut  tod,  tho  oatliot  N,V  and  l'4s  SIT  componettt  s  were  not  changed 
in  tin'  somatosensory  patadigmn  at  vat  ions  tatos  anM  cognition  to 
lated  changes  started  only  allot  r'r>  msec  (PosmoMt  anM  Kohottson, 

1 977a, h).  Thus,  centrifugal  gating  at  affetent  relays  (of.  Towo , 
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Fig.  6.  The  P400  component  in  intramodality  selective  attention. 
Random  sequence  of  electrical  stimuli  1  mA  above  subjective  thres¬ 
hold  delivered  to  four  fingers.  The  hand  figurines  at  the  left  of 
each  pair  of  traces  indicates  in  black  the  finger  to  which  the  sub¬ 
ject  is  requested  to  pay  attention  in  the  corresponding  run.  The 
small  arrows  point  to  the  finger  stimulus  that  elicits  the  illus¬ 
trated  SEP.  Active  electrode  at  the  vertex  (Cz)  with  earlobe  refer¬ 
ence  (lower  trace  of  each  pair) .  The  upper  trace  is  the  vertical 
electro-oculogram  (EOG)  serving  as  check  for  lack  of  eye  movement 
artifacts.  Al,  SEPs  to  target  shocks  shown  for  each  of  the  four 
fingers  (averages  of  seventy-five  samples).  A2 ,  sum  of  these  four 
averages  (N=300) .  Bl,  SEPs  to  nontarget  shocks  delivered  to  the 
finger  symmetrical  to  that  attended  in  the  opposite  hand  (N=75) . 

B2,  sum  of  the  four  averages  for  nontarget  SEPs.  The  P400  appears 
only  for  the  target  signals.  (From  Desmedt  et  al.,  1977). 


St  V  IN  Nt  UHOl  Of.U'Al  mSOMPk  MS 


VJ 


y  AH v»*  »  SI  iMUk  I 

c* 


t  v'v. 


NON  1  AHiil  y  M  iMUl  • 
Q  _ 


K  i  q .  1.  Tlu'  NISO  .uni  1'400  ov'mpv'nont  s  in  t  nt  t  aim 'da  1  1 1  y  solootivo 

attention  task  out t iod  out  at  torood  puoo  .  Kundom  soquonoo  >t 
ole'ottioul  stimuli  to  tout  t  i  isn't  s.  Two  avotaur  SIT  t  taoi's  ate 
supot imposod  tot  oontput  \  son ,  amt  t  tn'V  both  uto  olioitod  by  idont  ioal 
st  itttu  It  tv'  t  ho  third  (lott  s  idol  v't  tv'  tho  sooond  ( t  i  vjht  •;  i  do 1  t  i  injot 
o  t  t  ho  l  o  t  t  hand  ( sttta  11  a t  rows  1 .  v  in  tin*  1  o  t  t  ,  t  ho  t  h  i  t  »1  t  t  n*io  t  o. 
vlos  i  vjnat  t'vi  as  t  a  isn't  tv>i  t  ho  task  (thiokoi  t  t  aoo  and  blav'k  ttttvjoi 
in  tiqurinos)  and  lurvj*'  NISO  and  P40P  v'v-i'ut  whilo  t  ho  oat  hot  I' is 
is  not  attootovl;  tin*  oont rot  tltinttot  t  ruoo  ov't  t  osponds  tv'  tun:,  in 
whioh  tlu'  third  t  inqe't  ot  t  ho  opposito  hand  is  t  ho  tatvjot  .  Not  too 
that  l'4S  is  ivlontiv*al  in  bv't  h  t  t  avvs  although  Niso  and  1*400  tail  tv' 
uppout  itt  t  ho  tluntu't  t  t  aoo .  Kivjht  sido,  tn'nt  at  vjot  stimuli  t »'  t  ho 
sooond  ad  jaoont  1  itniot  v't  tho  lott  h.uul  in  t  ho  saint'  tuns;  thoto  i  •• 
vtttually  nv'  P400,  but  a  latao  Niso  whou  tlu*  thitd  t \nqot  v't  tho 
lott  hand  is  a  tutqot  m  tho  task.  Tho  uppot  t  t  aoos  at«'  1\\;  v'v'n 
trots  whioh  oxoludo  oyo  movonte'nt  v't  musolo  uttituots.  (prom  Pos- 
ntt'vlt  and  Robot  t  son ,  l *'77.1 


l''7l;  Pevsmodt  ,  l*'7S)  i  •.  not  a  moohun  i  sin  tv't  tin's*'  ottoots.  Howovot  , 
tho  data  h'.tvt'  it  opon  who  t  hoi  doluyod  i  nvol  vom*'nt  v't  tho  pv'wottul 
t ha  1  antvH  v't  t  i oa l  vjutituj  oirouit  v't  Skinnot  and  \Tn%iliini  (1**771  miqht 
not  pat  t  i  v'  i  pat  o  in  tho  switohinq  on  and  v't  t  v't  the'  ooqn  i  t  i  on- 1  o  l  at  od 
SIT  oomponont  s .  The'  abovo  vt.\t  a  must  bo  t  .ikon  into  aooount  wlu'n 
assessing  SKP  v'hatnios  in  tte'ut  -oloq  i  oa  1  pationts. 

SKI'  USKS  IN  I'KKU'HKKAl  NKl’KOl  a\:  Uh\t .  PtSOKPPKh 

Tho  ov'nvont  iv'nal  rooordinq  v't  se'Usoty  notvo  pv't*'ntials  (*;i  1 
liatt,  l°7  1)  is  v\u  i  t  o  sonsitivo  tv'  notvo  pat  hv'l  oqy  ,  but  it  tails 
whon  the'  notvi'  potentials  .it*'  maikodly  dosyttv'ht  v'tt  i  ;-od .  Th«'  v'«'t*'btal 
SKP  tile'll  ptovidos  a  us*'  t  u  l  a  1 1  ot  nut  i  vu  bt'v'aus*'  t  ho  oot  t  ox  outt 
aohlov*'  a  t  im*'  integration  v't  tho  doo  imat  *'vl  atnl  dosynohi  on  i /od  at 
fote'ttt  impulse's  (P«'sm*'vlt  «'t  at.,  l '*77 ;  p*'sm*'vlt  ,  1**711. 
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Because  the  onset  latency  of  the  early  cortical  SEP  component 
can  be  accurately  estimated,  latency  differences  are  provided  by 
SEPs  to  stimulation  of  fingers  or  nerves  at  different  levels  (Fig.  8 
In  normals  the  sensory  CV  calculated  from  St:p  agrees  well  with  that 
provided  by  direct  sensory  nerve  potentials  (Desmedt,  1971;  Desmedt 
and  Noel,  1971).  The  method  used  in  lower  limbs  opens  up  useful 
diagnostic  procedures  since  most  common  neuropathies  involve  pre¬ 
dominantly  the  sensory  fibers  of  the  legs,  and  sensory  nerve  poten¬ 
tials  are  more  difficult  to  record  from  these  nerves  (cf.  Gilliatt, 
1973;  Shiozawa  and  Mavor,  1969;  Desmedt  and  Noel,  1975).  Fig.  9 
shows  the  delays  of  the  early  cortical  (positive)  SEP  to  stimulation 
of  the  sural  nerve  at  three  levels  which  allows  a  sensory  CV  of 
about  50  m/s  to  be  calculated.  The  diagram  (Fig.  9D)  depicts  the 
effect  of  body  size  in  twelve  normal  young  adults  for  stimulation 
of  the  sural  nerve  at  the  lateral  malleolus  (Desmedt  and  Noel,  1975) 

Clinical  SEP  data  are  documented  elsewhere  (Desmedt  et  al . , 
1966;  Desmedt,  1971;  Desmedt  and  Noel,  1973,  1975)  and  only  one 
example  is  shown  to  illustrate  the  sensory  CV  evaluation  from  SEP 
in  a  patient  with  a  section  and  suture  of  the  median  nerve  at  the 
wrist  (Fig.  10) .  Five  months  after  suture  the  SEP  to  distal  finger 
III  stimulation  was  very  small,  0.3  uV,  and  much  delayed,  57  msec 
(Fig.  10B) .  The  CV  of  the  regenerating  fibers  was  calculated  as 
5.4  m/s  which  agrees  with  animal  data  for  newly  regenerating  axons. 
No  nerve  potentials  could  be  recorded  in  this  case. 

SEPs  provide  unique  diagnostic  evidence  in  lesions  involving 
the  plexus  or  spinal  roots,  such  as  traction  injuries  or  root 
compressions.  For  example,  in  a  twenty-six  year  old  patient  with 
Stage  III  Hodgkin's  disease,  the  delayed  SEPs  to  femoral  stimulation 
documented  a  bilateral  invasion  of  the  spinal  roots  by  pathological 
tissue  at  the  lumbar  level  (Desmedt  and  Noel,  1975). 


SEP  USES  IN  CENTRAL  NEUROLOGICAL  DISORDERS 

There  is  current  interest  in  searching  for  subclinical  lesions 
of  multiple  sclerosis  by  averaging  visual  or  auditory  EPs  (cf.  Des¬ 
medt,  1977a, c)  as  well  as  SEPs  (Desmedt  and  Noel,  1973;  Matthews  et 
al.,  1974).  These  tests,  in  fact,  can  complement  each  other  by  ex¬ 
ploring  different  brain  areas,  thereby  increasing  the  potential 
yield  of  diagnostic  findings  at  early  stages  of  the  disease.  Peri¬ 
pheral  CV  is  normal  in  multiple  sclerosis  (Desmedt  and  Noel,  1973), 
but  the  onset  latency  of  SEP  is  frequently  increased,  especially  for 
stimulation  of  limbs  with  a  clinical  sensory  deficit  (Fig.  IIP) . 
However,  "silent  lesions"  with  normal  sensation  and  position  sense 
in  the  stimulated  area  can  be  accompanied  by  significant  increase 
of  SEP  latency  (Fig.  11A,C) . 
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160  170  180  190  200  cm 


Fig.  9.  Evaluation  of  maximum  sensory  CV  in  the  sural  nerve  of 
normal  young  adults.  SEPs  recorded  from  the  midline,  2  cm  below  Cz. 
Midfrontal  reference.  The  SEPs  start  with  a  positive  component  (see 
above) .  The  effect  of  body  size  is  shown  in  D.  (From  Desmedt  and 
Noel,  1975) . 


Another  major  SEP  application  is  in  vascular  or  tumor  lesions 
of  the  brain  stem.  The  afferent  volley  eliciting  the  cortical  SEP 
travels  in  the  dorsal  column  and  median  lemniscus  pathway  (Halliday, 
1967;  Desmedt,  1971).  No  changes  of  SEP  are  recorded  in  the  Wallen¬ 
berg  syndrome  in  which  the  lateral  vascular  lesion  spares  the  median 
lemniscus  but  involves  the  spinothalamic  pathway  (Halliday,  1967; 

Noel  and  Desment,  1975) .  In  patients  with  a  thalamic  syndrome  of 
Dejerine,  the  SEP  has  a  reduced  voltage  and  increased  latency  on  the 
affected  side  (Tsumoto  et  al.,  1973;  Noel  and  Desmedt,  1975).  In 
patients  with  a  locked-in  syndrome  who  present  brain  stem  quadri- 
plegia  (infarction  of  basis  ponti)  and  alert  wakefulness,  but  who 
cannot  communicate  except  to  a  limited  extent  by  eye  movements,  the 
SEP  is  invaluable  in  documenting  the  extent  of  the  lesion  and  the 
actual  sensory  loss.  The  median  lemniscus  in  the  ventral  pontine 
tegmentum  is  in  a  critical  position  above  the  pontine  infarct,  and 
the  SEP  anomalies  can  document  the  dorsalward  extension  of  the  lesion 
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Fig.  10.  Patient  of  thirty-seven  years  with  a  complete  suture  of 
the  right  median  nerve  at  the  wrist.  Five  months  later  no  sensory 
nerve  potentials  could  be  recorded  above  the  lesions  site  from  the 
median  nerve  upon  stimulation  of  the  tip  of  the  third  finger.  The 
patient  described  a  faint  subjective  sensation  when  the  third  finger 
was  tapped  (Tinel  sign) .  SEP  recording  from  contralateral  parietal 
scalp  showed  a  much  delayed  and  reduced  potential  (B) .  Notice  the 
increased  amplification  for  this  trace.  Controls  are  provided  for 
the  normal  fifth  finger  (A)  and  for  proximal  third  finger  in  the 
radial  territory  (C) .  (From  Desmedt ,  1971.) 
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(Noel  and  Desmedt ,  1975).  Dot  example,  Fig.  12  shows  the  marked 
delay  of  the  early  positive  SKI’  component  to  stimulation  of  the  right 
(A),  but  not  the  left  (R) ,  posterior  tibial  nerve  in  such  a  patient. 
Twenty-two  months  later  the  SKI'  war-  '.'.till  reduced  but  had  acquired  a 
fairly  normal  latency  (Fig.  IHC)  while  the  control  SEP  for  left 
stimulation  (D)  had  not  changed.  Those  and  other  data  about  SEPs  to 
upper  or  lower  limb  stimulation  on  both  sides  allow  a  fairly  consis¬ 
tent  mapping  of  the  brain  stem  lesion. 


SUMMARY 

Somatosensory  evoked  potentials  (SEPs)  recorded  from  the  intact 
scalp  offer  unusual  possibilities  for  probing  brain  processes  since 
both  the  early  (primary)  and  late  components  can  be  identified  in 
average  records.  The  early  cortical  SEP  component  presents  a  latency 
that  reflects  primarily  the  conduction  time  from  the  peripheral 
stimulation  site  up  to  the  parietal  projection  cortex.  For  example, 
the  area  of  skin  innervation  which  is  stimulated  influences  both 
the  waveform  and  scalp  topography  of  the  SEP.  Between  birth  and 
adulthood  the  SEP  feature  presents  dramatic  changes,  and  the  onset 
latency  varies  systematically  in  relation  to  botti  body  growth  and 
to  maturation  of  the  peripheral  and  central  nerve  fibers  of  the 
somatosensory  pathway.  SEPs  elicited  by  stimulation  of  several 
fingers  in  random  order  at  different  mean  rates  have  recently  dis¬ 
closed  clear-cut  changes  during  selective  attention  involving  dif¬ 
ferent  designated  fingers  in  different  runs  of  the  experiment.  In 
such  intramodality  cognitive  tasks,  large  P400  components  appear 
only  in  the  SEPs  elicited  by  target  signals.  Earlier  N150  SEP  com¬ 
ponents  are  elicited  at  fast  mean  rates  of  the  same  task,  and  they 
can  be  seen  both  in  the  SEP  to  target  and  nontarget  (adjacent  finger) 
signals.  Clinical  uses  of  SEPs  elicited  by  stimulation  of  appro¬ 
priate  areas  in  upper  or  lower  limbs  are  documented  for  both  peri¬ 
pheral  nerve  disorders  and  for  the  diagnosis  of  spinal,  brain  stem 
or  cerebral  lesions  that  involve  the  somatosensory  pathway. 
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INTRODUCTION 

The  search  tor  the  antecedents  of  schizophrenia  has  recently 
been  advanced  by  the  introduction  of  research  in  which  individuals 
who  are  known  to  be  at  high  statist ical  t isk  for  schizophrenia  are 
studied  prospectively  before  the  onset  of  disturbances  in  func¬ 
tioning  (Pearson  and  Kiev,  1957;  Mednick  and  McNeill,  1968;  Garmezy 
and  Streitman,  1974;  Erlenmeyet— Kiml i nq ,  1975).  Children  of 
schizophrenic  parents  are  chosen  as  the  high  risk  subjects;  it  one 
parent  is  schizophrenic,  some  ten  to  fifteen  percent  of  the  children 
are  expected  to  develop  the  psychosis  in  adolescence  or  adulthood, 
and  if  both  parents  are  schizophrenic,  the  risk  increases  36-40 
percent  (Zerbin-Rfldi  n ,  1  96 7 ;  Krlenmeyer-Kiml ing,  1968;  1978).  The 
high  risk  children  are  compared  with  children  of  normal  parents  for 
whom  the  risk  estimate  is  only  about  one  percent,  on  variables  ot 
interest  to  the  investigating  team,  and,  because  the  comparison  is 
longitudinal,  the  development  of  the  disorder  can  be  followed. 

Thus,  this  research  approach  eliminates  many  of  the  biases  prevalent 
when  information  is  obtained  from  retrospective  reports,  although 
other  types  of  problems  may  be  inherent  in  the  high  risk  design. 

These  relatively  low  risk  estimates  make  it  unlikely  that 
large  mean  differences  in  any  one  variable  will  distinguish  the 
groups.  Thus,  while  group  differences,  if  they  occur,  are  impor¬ 
tant  to  examine,  the  investigator  must  search  for  deviant  subjects 
whose  scores  could  be  heavily  contributing  to  the  differentiation 
of  the  groups.  Even  in  the  absence  of  group  differences,  this 
strategy  should  be  followed  if  meaningful  interpretation  is  desired. 
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Tho  ma  jority  of  hyjxitheses  of  how  high  risk  children  miqht 
perform  and  the  tasks  on  which  they  are  measured  have  come, 
naturally,  from  research  with  adult  schizophrenics.  However,  be¬ 
cause  ot  the  fact  that  adult  schizophrenics  are  studied  after  the 
onset  of  the  illness,  it  is  often  not  clear  whether  what  one  finds 
is  a  premorbid  characteristic  or  a  consequence  of  the  psychosis. 
The  child  at  risk  offers  the  researcher  a  way  out  of  this  dilemma, 
since  it  is  possible  to  distinguish  psychobiologic  characteristics 
that  are  present  before  the  onset  of  overt  disturbances  in  func¬ 
tioning  from  those  that  appear  later. 


Event  Related  Potential  (ERP)  Studies  in  High  Risk  Samples 

While  autonomic  indices  have  been  used  with  high  risk  children 
for  the  past  several  years  (Fein  et  al. ,  1975;  Mednick  and  Schul- 
singer,  1973;  Salzman  and  Klein,  1978;  Venables,  1977),  ERP  tech¬ 
niques  have  only  recently  been  utilized.  If  predisposition  to 
schizophrenia  is  manifest  in  disorders  of  brain  function,  as  many 
investigators  believe,  then  scalp  recorded  ERP  migtit  be  a  useful 
tool  in  discriminating  potential  schizophrenics  from  both  their 
normal  control  and  nonvulnerable  high  risk  counterparts. 

Saletu  et  al.  (1975)  reported  findinq  no  amplitude  differ¬ 
ences,  but  did  find  shorter  latency  peaks  to  repetitive  auditory 
stimuli  in  their  high  risk  group.  They  concluded  that  their  data 
supported  the  hypothesis,  consistent  with  the  GSR  findings  of 
Mednick  and  Schulsinger  (1973),  that  the  potential  schizophrenic, 
like  his  adult  counterpart,  is  characterized  by  a  state  of  hyper¬ 
arousal.  However,  their  statistical  methodology  and  ERr  measure¬ 
ment  techniques  detract  from  the  forcefulness  of  this  conclusion. 

We  (Friedman  et  al.,  1978b)  studied  the  auditory  evoked  potentials 
(AEP)  elicited  by  repetitive  tones  in  twenty  high  risk  and  twenty 
normal  control  children.  Analyses  of  between  groups  differences 
yielded  no  significant  findings.  We  were,  however,  able  to  iden¬ 
tify  subgroups  of  both  the  high  risk  and  normal  control  samples 
that  differed  significantly  from  each  other.  In  contrast  to  the 
findings  of  Saletu  et  al.  (1975),  the  high  risk  subgroup  had 
longer  latency  P190  and  P400  components  than  the  normal  control  sub¬ 
group.  No  significant  amplitude  differences  were  found,  although 
there  was  a  trend  for  the  high  risk  outliers  to  have  larger  ampli¬ 
tude  ERP. 

In  the  above  studies,  there  was  no  task  imposed  upon  the  sub¬ 
ject,  and  thus  latency  shifts  could  be  due  to  disturbances  in  either 
sensory  or  cognitive  information  processing.  Herman  et  al.  (1977) 
reported  finding  no  group  performance  differences  but  longer 
latency  and  larger  amplitude  N100-P200  responses  in  their  high  risk 
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NC  children  were  obtained  through  the  cooperation  ot  the 
Nassau  and  Rockland  County  School  systems.  Parental  criteria  for 
inclusion  were  the  same  as  those  for  the  UR  sample,  with  the  ex¬ 
ception  that  any  child  who  had  a  parent  with  a  history  of  psy¬ 
chiatric  hospitalization  was  eliminated  from  the  study. 


laboratory  Procedures 

The  first  time  they  were  seen,  the  children  were  given  a 
large  battery  of  psychologic,  psychophysiologic,  psychiatric  and 
neurologic  tests.  The  visual  ERP  procedure  which  is  the  subject 
of  this  report  was  not  given  until  the  third  round  of  testing 
(1977-1978)  some  six  to  seven  years  later.  This  is  a  preliminary 
analysis  performed  on  the  data  of  roughly  one-third  of  this  cohort 
of  subjects,  some  of  whom  are  still  being  seen  in  our  laboratory. 
In  all  aspects  of  the  testing  procedure,  the  experimenters  were 
blind  with  respect  to  whether  a  child  was  HR  or  NC. 


CPT  Tasks  and  EEC  Recording  Procedures 

The  tasks  used  were  modifications  of  the  CPT  originally  de¬ 
scribed  by  Orzack  and  Kornetsky  (1966).  Our  current  versions  of 
these  tasks  have  been  fully  described  elsewhere  (Friedman  et  al., 
1978c),  and  only  a  brief  description  will  be  giverr  here.  In  Task  A, 
the  subject  had  to  respond  to  the  number  08,  which  occurred  fifteen 
times  per  block,  and  withhold  his  response  to  any  other  number  (45 
per  block);  in  Task  B,  the  subject  had  to  respond  to  the  repetition 
of  any  immediately  preceding  number,  which  occurred  sixteen  times 
per  block,  and  withhold  his  response  to  numbers  that  did  not  repeat 
(48  per  block).  The  signal  to  nonsignal  ratio  was  1:4  in  each 
task.  Fifty  msec  duration  stimuli  were  flashed  at  moderate  intensity 
with  an  ISI  of  1  sec.  Task  B  imposed  greater  processing  demands  than 
Task  A  in  that  subjects  had  to  sequentially  store  and  compare  suc¬ 
cessive  non-signals  as  potential  targets,  whereas  in  Task  A  the 
target  stimulus  was  pre-determined  and  each  trial  required  a  simple 
match  or  mismatch  decision.  Eight  blocks  of  stimuli  were  delivered 
for  each  task,  with  tasks  alternated  two  blocks  at  a  time.  The 
subject  was  instructed  to  respond  as  quickly  as  possible  with  a 
fingerlift  which  activated  a  reaction  time  (RT)  key.  RTs  greater 
than  1200  msec  were  considered  misses. 

EEG  was  recorded  from  a  midline  montage  at  Fz,  Cz,  Pz  and  Oz  , 
and  vertical  EOG  was  recorded  from  above  the  right  eye  with  a  ref¬ 
erence  electrode  on  the  right  earlobe.  Data  wore  recorded  on  a 
Beckman  Dynograph  Type  RM  recorder,  amplified  20,000  times  with  a 
time  constant  of  1  sec  and  high  frequency  cutoff  at  30  Hz,  and 
were  stored  along  with  RT  on  digital  tape.  Data  acquisition  and 
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stimulus  presentation  weie  eotit  rolled  l>v  a  l'1'l'  11  10  eomput oi 
which  digit  ir.od  tin'  Kl\;  at  1  msec  iiiteivals  tot  a  pm  iod  at  1000 
rosea  1100  pin-  and  000  post -st  imuliis).  Aval  ages  at  signal  and  nan- 
signal  stimuli  wo  t  a  aampnt  ad  aatass  Moi'ks.  Thera  was  a  fatal  at 
120  signals  and  to0  nonsignals  tai  Task  A,  and  128  signals  and  t84 
nonsignals  toi  Task  M,  but  removal  at  ast  i  acaiabtal  aititaats  at  t  an- 
uati'd  these  numbais  in  most  subjoets. 

The  data  at  Ilia  (list  aO  UK  and  NO  aliildian  saan  tai  this 
i amid  at  tasting  were  salaatad  tai  pt a  1 im i nary  analysis.  Thasa  sub- 
iaats  waia  divided  into  age  bands  at  11-11,  14-15  and  le-18.  Table 
1  presents  the  eharaet el i st ias  at  the  two  groups.  As  aan  be  saan , 
ago  and  sax  at  a  wall  balanead  bat  wean  tin1  groups.  #SM  and  WSF 
tolar  to  the  number  of  aliildian  of  sah  i  nophreti  i  a  mot  liars  and  tathais 
laspeat  lvaly.  #Both  ratals  to  t  ha  numbai  at  aliildian  whose  parents 
wall-  both  il l.ignosad  as  .'.ahi.'aphiania  and  UMixad  ratals  to  Ilia  numbai 
ot  oh  il  dron  in  whiali  one  parent  was  sell  i  nephron  i  a  and  the  at  hoi  was 
diagnosed  as  psyehotia  daprassiva. 


TAltl.K  I:  OllARAOTFKtSTIOS  OF  T1IK  HIOH  KIRK  ANP  NOKMAb  OPNTKOl,  dROPl'S 


Mean  Age 

#  Mali';;  Frma  1  »'s 

USM 

#SF  Ullotli 

•Mixed 

11-14 

11R 

NO 

12.6 

12.5 

5 

4 

0 

1 

14-15 

HR 

NC 

14.5 

14.5 

7 

7 

2 

0 

16-18 

HR 

NO 

16.8 

1  ('.8 

7  5 

t>  4 

o 

1  0 

TOTALS 

HR 

NO 

14.6 

14.6 

18  12 

18  12 

20 

r.  i 

\ 
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KRP  Measurements 

Because  of  the  complex  nature  of  the  waveforms  elicited  during 
these  tasks  (Friedman  et  al. ,  1978c)  and  the  need  for  objective, 
quantitative  KRP  indices  in  evaluating  abnormalities  in  ERF  morph¬ 
ology  and  topography,  principal  components  factor  analysis  (PCA) , 
factoring  the  covariance  matrix,  was  employed.  This  method  allows 
us  to  associate  factors  with  specific  ERF  components  that  are  af¬ 
fected  by  the  experimental  variables  and  affords  objective  con¬ 
firmation  of  components  we  have  visually  identified  in  the  grand 
mean  and  individual  data  (see  also  Squires  et  al. ,  1977).  Since 
the  factors  are  extracted  due  to  their  association  with  experimental 
variance  (cf.,  Donchin  and  lleffley,  1978;  Glaser  and  Ruchkin,  I97fo)  , 
abnormalities  in  waveform  morphology  can  be  directly  related  to 
the  experimental  variables.  We  use  the  factor  scores  as  the  base¬ 
line  to  peak  measures. 

To  determine  if  the  group  factor  structures  were  the  same, 
this  analysis  was  done  separately  for  the  HR  and  NO  groups.  The 
data  base  for  each  analysis  was  an  83  time  point  (at  12  msec  per 
point)  by  480  waveform  data  matrix  (30  subjects  by  two  tasks  by  two 
stimuli  by  four  electrode  sites).  Six  factors  wore  varituax  rot  at  ed 
using  the  BMDP4M  computer  program  (Dixon,  1975). 


RESULTS  AND  DISCUSSION 


Figure  1  presents  the  grand  mean  data  averaged  across  the  30 
subjects  in  each  group  by  task  and  stimulus.  The  waveforms  from 
both  tasks  consisted  of  a  complex  of  positive  waves  which  appear  to 
differ  for  the  two  tasks,  and,  to  some  extent,  for  the  two  groups. 

The  visual  evoked  potential  (VEP) ,  clearly  visible  at  Oz,  consisted 
of  a  positi vo-negat ivo-positive  complex,  consistent  in  latency  and 
amplitude  across  tasks  and  stimuli.  N150  appears  to  be  more  negative 
to  the  Task  B  waveforms.  In  order  of  increasing  latency,  the  remain¬ 
ing  positive  peaks  are:  (a)  P240,  maximal  at  Cz ,  present  to  botlr 
stimuli  of  both  tasks.  (b)  P350,  maximal  at  Pz,  clearly  seen  in  the 
nonsignal  waveforms  of  each  task.  (c)  As  RT  increases,  the  signal 
waveforms  become  increasingly  differentiated,  so  that  r 350  ran  bo 
seen  in  the  Task  B  signal,  but  is  not  discernible  in  the  Task  A 
signal.  This  peak  appears  to  be  larger  to  the  nonsignals  of  Task  B. 
(d)  P450,  with  a  parietal  focus,  is  seen  in  the  ERP  of  both  stimuli 
in  both  tasks,  with  much  larger  amplitude  to  signals  than  nonsignals, 
and  of  larger  amplitude  to  the  nonsignals  of  Task  B  than  those  of 
Task  A.  (e)  P550  is  seen  most  clearly  in  the  Task  B  nonsignals,  and 
is  not  visible  at  all  in  the  Task  A  nonsignals. 

The  vertical  lines  mark  mean  RT,  which  was  significantly  longer 
in  Task  B  than  in  Task  A  (p'..0001).  In  general,  the  HR  group  shows 
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Figure  1.  Grand  mean  ERF  recorded  from  30  HR  and  30  NO  children  in 
response  to  the  stimuli  from  both  tasks  at  the  four  electrode  sites 


more  frontal  activity  in  the  P240-P450  region,  less  initial  negativ 
ity  (NISO)  and  a  faster  return  to  baseline  following  the  late 
positive  complex  (LPC)  than  do  the  NC.  The  HR  group  shows  somewhat 
less  very  late  positive  activity,  especially  in  response  to  the 
nonsignals  of  Task  B. 


Principal  Components  Analysis 

Figure  2  presents  the  loading  functions  after  varimax  rota¬ 
tion  for  both  groups  of  subjects.  It  is  clear  that  the  shapes  of 
these  functions  are  identical,  with  the  main  difference  occurring 
in  their  latencies,  which  are  approximately  50  msec  longer  to  peak 
for  the  HR  group  for  factors  3  through  6.  With  the  exception  of 
Factor  2,  each  loading  function  is  associated  with  a  component  seen 
in  the  grand  mean:  Factor  1  with  P450,  Factor  3  with  P240,  Factor  4 
with  P550,  Factor  5  with  P350  and  Factor  t>  with  the  increasing 
negativity  preceding  the  stimulus  and  culminating  frontally  in  N150 
Factor  2  has  large  positive  loadings  at  a  point  in  time  when  P450 
is  decrementing,  and  appears  to  represent  return  to  baseline  fol¬ 
lowing  this  late  positive  activity. 

At  the  present  time,  wo  are  beginning  to  explore  the  sources 
of  latency  variance  which  are  evident  in  the  factor  loading  func¬ 
tions.  Our  method  has  been  to  systematically  reduce  the  data  set 


D  FRIEDMAN  ET  AL 


NC 

HR 


1000  im 


Figure  Rotated  factor  loading  functions  resulting  from  PC  As 
performed  separately  for  each  group  across  tasks,  stimuli  and 
e  1  ect  l  odes. 


of  performing  VC A  for  each  group  separately  by  task  demonstrated 
i  eplicat  ion  of  the  factor  structures  seen  when  t  lie  analysis  was 
done  across  tasks,  and  demonstrated  that  the  longer  latency  NISO, 
I -.40  and  P350  factors  seen  for  the  HR  group  occurred  within  the 
Task  A  waveforms  only.  We  are  now  attempting  to  further  pinpoint 
the  source  of  these  latency  shifts  by  performing  TCA  separately 
for  type  of  stimulus  within  a  task.  The  results  should  tell  us 
whether  the  source  is  in  the  signal,  nonsignal  or  both. 


Factor  Score  Analyses 


Repeated  measures  ANOVA  were  used  to  assess  the  effect  of  risk 
group,  age  g roup ,  task,  stimulus  and  electrode  location  on  the 
factor  scores  resulting  from  a  VC A  pooling  the  data  from  both 
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topoqraphi.es  extremely  similar  to  the  ERF  components  with  which 
they  were  associated.  Consistent  with  the  increased  processing 
demands  of  Task  H,  the  waveforms  of  this  task  were  marked  by  sig¬ 
nificantly  greater  P350  and  P550  amplitude  factors,  with  a  large 
effect  on  P450  amplitude  elicited  by  nonsignals  of  Task  B.  The 
PS50  component  appears  independent  of  the  P450  component  ,  which  is 
larger  to  signals  than  nonsignals,  since  it  behaves  differently, 
being  larger  to  nonsignals  and  has  a  more  post  et lor  distribution, 
especially  in  the  Task  B  waveforms.  It  appears  similar  in  latency 
and  distribution  to  the  P4  component  recently  reported  by  Stuss 
and  Picton  (1978)  .  P2 -10  appears  to  be  a  visual  P2,  and  as  such, 
its  greater  amplitude  in  the  Task  B  waveforms  can  be  attributed  to 
the  greater  attentional  requirements  of  this  task,  since  others 
have  shown  that  P2  is  affected  by  attentional  demands  (e.g.<  Picton 
and  Hillyard,  1974;  Friedman  et  al . ,  1973).  This  factor  showed  a 
trend  towards  greater  amplitude  in  the  UK  group  (pc. 99).  Consis¬ 
tent  with  the  greater  attentional  requirements  of  Task  B  is  the 
finding  of  more  initial  negativity  (N1B0  factor)  in  this  task  than 
in  Task  A.  This  factor  was  less  negative  in  the  brain  potentials 
of  the  HR  group,  but  this  did  not  attain  statistical  significance 
(pc. 07),  Both  CNV  and  N100  have  been  shown  to  be  greater  under 
conditions  requiring  greater  attentiveness  (Hillyard  et  al.,  1973; 
Picton  and  Hillyard,  1974;  Friedman  et  al.  ,  1973;  Tecco,  b'72). 

The  baseline  factor,  which  appears  similar  in  topography  and  tem¬ 
poral  relationship  to  the  I. PC  to  the  slow  wave  factor  of  Squires 
et  al.  (1977),  behaves  differently.  Their  slow  wave  was  affected 
by  probability.  Our  baseline  factor  was  larger  to  nonsignals,  the 
frequent  stimulus,  than  to  signals,  the  infrequent  stimulus.  The 
HR  group  produced  faster  returns  to  baseline  than  the  NC  group,  as 
did  the  oldest  group  of  subjects  compared  to  the  younger  subjects. 

The  current  data  confirm  our  previous  findings  (Friedman  et 
al.,  1978c)  and  those  of  others  (e.g.  Squires  et  al. ,  1975;  Adam 
and  Collins,  1978;  Stuss  and  Picton,  1978;  Thatcher,  1977;  Keselica 
et  al.,  1977)  in  demonstrating  multiple  positivities  within  t  lie 
latency  range  of  P300,  and  their  greater  amplitude  elicited  by  Task 
B  (Friedman  et  al.,  1978a). 


Identification  of  Deviant  Subjects 

Because  not  all  children  with  a  schisophrenic  parent  are  ge¬ 
netically  at  risk,  it  is  necessary  to  search,  within  the  HR  sample, 
for  a  subgroup  of  individuals  whose  deviance  on  selected  measures 
suggests  that  they  are  the  vulnerable  members  of  the  group.  To 
begin  with,  we  assessed  the  effects  of  the  variables  of  stimulus, 
task  and  electrode  locus  on  ttie  factor  scores  obtained  from  sep¬ 
arate  PCAs  performed  for  each  group,  using  repeated  measures  ANOVA. 
Despite  the  differences  in  the  peak  latencies  of  the  factors  be- 
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Figure  3.  Grand  mean  ERP  averaged  across  the  four  outliers  and 
across  the  remaining  26  HR  subjects  (Residual)  in  response  to  both 
stimuli  from  each  task. 


tween  groups,  these  factors  behaved  similarly  in  each  group,  sup¬ 
porting  the  conclusion  that  these  factors  were  the  same.  The  fact 
that  they  behaved  similarly  for  both  groups  allowed  us  to  use  the 
NC  factor  score  coefficients  to  compute  factor  scores  for  the  HR 
group.  Theoretically,  this  method  should  produce  more  deviant  HR 
than  NC  subjects.  The  distribution  of  factor  scores  for  each  fac¬ 
tor  was  inspected,  and,  using  a  criterion  of  a  score  of  +  2,  sub¬ 
jects  were  chosen  as  outliers,  and  the  number  of  subjects  outlying 
on  one  or  more  factors  was  tabulated.  There  were  ten  HR  and  two  NC 
that  were  outliers  on  four  or  more  factors,  and  this  difference  was 
highly  significant  (X‘=6.12,  p<.02).  Within  this  group,  four  sub¬ 
jects,  all  of  whom  were  HR,  showed  a  consistent  pattern  of  factor 
scores:  large- amplitude  frontal  Pi SO  to  signal  stimuli:  large- 
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amplitude  IV40  activity  to  both  stimuli  and  tasks;  1  i  1 1  le  initial 
negativity;  tin-  absenoe  ot  very  late  positive  activity  and  faster 
letuins  to  baseline.  Tin*  IKl'  at  1'*'  and  .Y  where  these  effects  weif 
greatest,  aveiage.t  across  tin-  tour  subjects,  are  shown  in  figure 
Also  shown  is  tiro  iesidu.il  hK  grand  moan  IN  .'id  attor  t  hoso  tour 
siil>  loots  wore  subtracted.  Note  that  t  ho  out  1  tors 1  UV  to  iionsignals 
is  not  wo  11  dot  i  nod  and  is  ot  small  or  amplitude  than  t  ho  residual 
moan.  I’ho  out  lifts  do  not  show  a  difference  in  UV  amplitude  bo  - 
tween  the  nonsujnals  of  the  two  tasks,  will  oh  is  clear ly  soon  m  the 
residual  moan,  run  do  thoy  show  a  ditteteuoo  in  initi.il  no.i.itivtty 
bo tween  tasks,  a  result  whioh  is  also  prominent  in  the  residual 
moan . 


Relationship  to  Adult  Schizophrenic  Waveforms 

In  teviowiil.l  the  adult  soli i zophr 'oni a  ERl'  literature,  Huchshaum 
tl-i  •),  Koth  l  l  *>  ' .'  1  and  Shagass  t  1  ■ »  '  o )  oonoludod  that  consistent 
features  ot  the  adult  soil  1  toplli en  i  e  '  s  waveform  wore:  latuo  amplitude 
eomponent  s  prior  t  .1  100  msec,  1  e.luee.l  .unplitude  liVs,  low  .unplitude 
.NY  and  a  tendon. -y  towards  t  e  duff  d  NIOO-1'.'OO  amplitude.  The  out¬ 
liers  demons t 1  at e  lat.je  amplitude  1Y40  c.miponent  s ,  but  tills  peak 
is  later  than  those  reported  to  be  ot  large  amplitude  in  adult 

s. h  1  zoplu  ernes .  lloweve  1  ,  the  out  l  lets-  ,1.'  show  low  amplitude  UN's 

to  nonsujnals  ot  both  tasks,  whioh  might  be  indioat ive  ot  defi¬ 
cient  mt vu mat  ion  processing  ot  a  dittorenoe  in  the  way  in  whioh 
they  analyse  the  relevant  inform.it  ion  from  the  two  tasks.  l'tle  ab- 
senoo  .'t  very  late  p.>s  it  1  ve  aotivity  tl'SSd)  adds  strength  to  this 
hypothesis.  Stine,  and  1'ioton  (l'*7ti)  and  Thatcher  lid'.’)  have  re¬ 
potted  a  late  positive  wave,  whioh  they  have  labelled  1’4,  whioh 
has  a  timing  and  topography  simil.it  to  our  I’sso,  and  whioh  .studs 
and  1'ioton  tin ’.si  have  relate. 1  to  the  prooess  ing  ot  tuu.lback  in- 

t.  * rmat  1. 'ii  in  a  If. lining  task.  The  abseil. ‘e  ot  this  eomponent  in  the 
outliei  waveforms  might  be  1n.l10.it  ive  ot  a  failure  t  o  use  this 
tutor  niki  t  1  on  and  t .»  make  pet  eept  ua  1  a.l  iustment  s  while  performing  the 
task.  The  t  e.luoe.l  negativity  seen  in  these  subieets,  and  the  la.'k 
ot  ditterence  m  this  fa. ‘tor  between  tasks,  ooul.l  ret  loot  a  1. 11  lure 
to  differentially  direet  attention  between  tasks,  eaoh  ot  whioh 
appears  to  leijuire  a  ditferent  level  ot  sustained  attention. 


.•ONl'U'SlONS 

I'he  ma  101  simil.u  it  les  between  tin*  .*ut  li.'ts'  waveforms  and 
tin*  moi  phol.wiy  most  often  reported  tot  tin*  adult  schizophrenic 
was  seen  in  low  amplitude  1.1V  and  eai  ly  negativity  t  o  iionsignals 
and  reduced  negativity  to  signals.  Marked  .li  f  ferenees  were  also 
noted:  these  subieots  exhibited  large  amplitude  1*040  oomponeuts 
to  all  stimuli  and  large  .implitu.le  UVs  to  signals.  Inasmuch  as 
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t  ho  vat  toils  1  KT  .  omj'oiu’nt  >  tot  loot  ditlotont  aspec  t  s  o!  intv'nnat  u’ 
ptoiv-isim),  it  i  s  to  bo  antioipatod  that  oaoh  component  will  have 
d  t  t  t  ot  ont  i  a  1  littpot  t  an co  a  -  an  index  ot  potential  psvehopat  holvwjy  . 

It  i s  al'<o  likely  that  t  ho  child  at  tisk  who  t'wnt  ua  1  lv  mani tests 
sell  i  .’.ophroni  a  may  shv'w  a  ditlotont  ptemotbid  IK!'  t espouse  pattoin 
than  the  adult  soh  t  .tophi  on  i  v  .  It  will  onlv  bo  upon  tol  low-up  o  t 
those  individuals  that  oiu1  should  bo  ablo  t  o  viotoot  l'Kl'  chataetot 
istics  that  aio  t  i  no  ptomorbid  indieatois  ami  those  that  at  o  a 
consoviuenco  ot  montal  dystuttotion. 


vHu  s 1 1  at  ovjy  \  tv' 
found  tv>  bo  deviant 


'llow  t  hose  children  whoso  I  KK  w.ivctv'nns 
'  determine  who  Mum  t  ho\  will  al:-'  bo 


"at  it  led  as  outliers  by  othot  vninpoiiont  s  v't  out  psy  ohophy  s  i  olovj- 
anvi  ps\  chol  v'vj  \  v  tost  battoi  los.  Ono  v't  tin'  out  l  tot  -  t epot t od 
tc  wa-.  also  an  outlioi  v't  i  an  auditory  evoked  pv'tontial  measure 
viovtanoo  dut  uui  an  oat  1  tot  t  ound  v't  test  uui  iKt  tovintan  ot  al.  , 
*Hl>)  ,  ami  throe  v't  t  ho  tout  cm  t  out  out  l  tots  won'  also  deviant 
attontu'iial  tnoasui  cs  vjivon  durum  t  ho  first  t  ound  v't  tost  uui 
i  1  onmoyot  -  K  mil  imi  ot  al.,  wrtf).  Howevot  ,  iu't  all  v't  t  ho  chil- 
'ii  soon  vim  invj  the  tiist  twv'  toutuis  v't  testing  havo  boon  soon  tv' 
'  thiivi  t  ound  #  ami  any  vviu'lusii'ns  tevjardino  overlap  on  moasuios 
vioviatnv  would  bo  ptomatmo  at  this.  ttmo.  Vhis  analysis  v't  out 
la  so  r  vos  tv'  pv'int  up  v'ui  mote  oouni lively  v'nontod  approach  tv' 
r  rosoai  eh  with  HK  chi  Kit  on  ami  tv'  v'utlmo  out  methods  t'oi  de¬ 
mur!  i  no  which  chi  Kit  on  ntivjht  bo  t  hi'  niv'st  vulnotablo.  Inhotont  i 
is  mot  hodolovjy  is  t  ho  ta>t  that  ovon  it  a  small  numboi  v't  chi  Kit 
'  chosen  on  this  basts,  it  will  not  bo  until  sovoral  yoai  s  latoi 
an  avjo  wlton  onsot  is  expected,  that  validation  v't  t  ho  solost  iv'it 

VOSS  Will  vVv'ltt  . 


Visual  KRP  wo  to  rov*ordu 
sell  i  /.ophron  i  a  OHM  ami  t  t  vwt 
voisions  v't  a  oont  inuous  pot 
task  viomamis.  Task  A  rt\;uit 
whtlo  1'a.sk  IK  t  ho  mote  comp  l 
suvvossivo  stimuli.  Multipl 
m  t  ho  brum  potontials  v't  b 
l'i  ntvMpal  v'ompv'nont  s  analyst 
thoso  component s  yielding  i 
vjt  v'ups  v't  sub  loots.  Kit  o  po 
latvjot  amplituvio  in  t  ho  Task 
tactoi  amplitudos  appeared  t 
ttt  attonliv'nal  t  ovpi i  t ■  onion t  s 
dency  tv't  Nl*'0  tv'  bo  loss  no 
the'  HK  than  in  t  ho  Nv'  oroup. 
phtottia  wot  o  so  loot  od  v'tt  t  ho 


d  t  t  v'lti  thirty  chi  Kit  on  at  hivih  tisk  tv' 
thirty  normal  controls  tNv'l  durum  two 
fotmancc  tost  whioh  dtttered  itt  the' it 
od  a  sitttplo  tatvjot  identification, 
ox  v't  t  ho  t  Wv' ,  required  v\M«parison  v't 
o  lato  pv'sitivi'  component s  woto  soon 
v't  h  vjt  v'ups  v't  sub  u'vt  s  in  both  tasks, 
s  OVA)  confirmed  t  ho  I'xistoiuv  v't 
domical  tav’tv'i  structures  tv't  bv't  h 
sitivo  oomponont  s  wot  o  vionorallv  v't 
H  wavotv'tms,  whi  lo  NISO  ami  1'.'40 
v>  bo  i tit  l noticed  more  by  t  ho  difforonoo 
botwoon  t  ho  tasks.  1'horo  was  a  t  on- 
vjattvo  ami  1V40  v't  latMi't  amp  1 1 1  lido  in 
Pout  children  at  hivih  t  isk  tv't  sohi.s 
bar;  is  v't  ext  rente  Iv  vioviant  tavtv'i 
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scores.  Their  brain  potentials  were  characterized  by  low  amplitude 
NISO,  small  LPCs  to  nonsignal  stimuli,  large  LPCs  to  signal  stimuli 
and  high  amplitude  PJ40  components.  While  differences  between 
their  pattern  of  response  and  those  of  the  adult  schizophrenic 
were  seen,  similarities  were  also  evident.  Those  components  which 
were  deviant  in  these  HR  children  have  also  been  shown  to  differ 
from  normal  in  the  adult  schizophrenic  and  are  components  that 
have  been  implicated  in  mechanisms  of  selective  attention  and  cog¬ 
nitive  processing. 
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INTKOPUOTION 

The  late  positive  eomponent  ot  the  evoke,!  potential  (1  tv)  and 
the  contingent  negative  variation  <v'N\  >  have  Iven  i  nve-.t  igat  e.t  with 
visual  ,in,l  acoustic  stimuli  by  many  i  ese.u  ehoi  •  studying  linguist ic 
proe. -suing.  CNVs  were  i  nvest  i  gat  .-.1  .lining  wot.!  oategoty  .1 1  ,i  uni  na¬ 
tion  by  nut  ian  et  al.  (1‘*  l.IVs  wete  studied  .luting  information 

processing  in  sentences  by  Itie.lman  et  al.  (!•>•'. 1  an.l  .luting  seman- 
t  io  informat  ion  processing  ot  wot, Is  by  That  diet  an.l  Apt  i  l  (1*176). 
Piffotont  1  at  et  al  l  .-at  i  on  tot  noun-  an.l  verb-evoked  KUO  scalp 
potential  fields  was  reported  by  drown  and  hehmann  (1**77).  both 
Pur ian  and  That  diet  (tied  to  apply  KKPs  evoked  by  words  in  testing 
aphasic  patients.  We  studied  PNV  an.l  1,1V  .luting  pt.,.'es:un.|  ot 
linguistic  information  to  find  out  if  Kill’s  can  be  useful  tot  t.  st¬ 
ing  the  recognition  ot  Japanese  sentences  and  word.. 


MITIIOPS 


l'xam i  n.»t  i  on  oi  Sont 


Kooo.jn  it  i  on 


The  expet iment al  subieots  included  three  healthy  light-handed 
P'tsons ,  three  aphasios  and  on*'  pet  son  with  auditory  agnosia. 

Three  meaningful  sentences  and  three  meaningless  sentences  (which 
were  composed  by  exchanging  the  predicates  ot  the  thiee  meaningful 
sentences  with  otic  another)  were  used  as  aeoust  teal  or  visual 
stimuli.  Kai-h  sentence  comprised  live  spoken  syllables  ot  tout 
visually  presented  characters*  (two  Kan  i  i  and  two  Kana)  .  The  sub  toot 
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was  ablo  to  determine  whether  the  sentence  had  a  meaning  or  not  by 
understanding  the  key  information  (the  fourth  syllable  or  the  third 
oharaoter)  in  the  acoustically  or  visually  presented  sentence. 

The  acoustically  presented  sentences  were  delivered  by  a  simple, 
random  aural-stimulator  (Goto  et  al.,  1976)  which  consisted  of  a 
conventional  4-channel  tape  recorder,  an  endless  tape,  a  control 
signal  detector,  a  memory,  an  analog  switch  and  a  motor  drive  con¬ 
troller.  With  this  stimulator,  the  examiner  could  choose  one  of 
either  three  meaningful  or  three  meaningless  sentences  for  repro¬ 
duction  through  monaural  headphones  with  exact  timing  (100  msec 
monosyllable  voice,  900  msec  interval).  One  second  after  the  last 
word  of  the  meaningless  sentence  a  red  lamp,  placed  1  1 0  cm  in  front 
of  the  subject,  was  lit  as  the  imperative  stimulus  for  the  GNY  task. 

The  9  X  9  or  11  X  11  red  light  emitting  diode  (LED)  matrix, 
viewed  binocularly,  was  used  to  present  sequentially  each  character 
in  the  visual  sentences  (40  msec  character,  960  msec  interval). 

One  second  after  the  last  word  of  the  meaningful  sentence,  nine  LEDs 
in  the  center  of  the  matrix  were  lit  as  flic  imperative  stimulus  for 
the  CNV  task.  The  LED  matrix  subtended  a  visual  angle  of  2'-'. 

The  three  meaningful  and  three  meaningless  sentences  were  pre¬ 
sented  in  a  random  sequence  with  approximately  the  same  numbei  of 
occurrences  of  each  sentence.  The  subject,  lying  comfortably  in  a 
supine  position,  had  been  told  previously  that  each  meaningful 
sentence  was  followed  by  a  sign,  and  he  was  ordered  to  press  a  switch 
as  fast  as  possible  after  the  task  signal. 

The  recording  electrodes  were  placed  at  C3  and  04.  The  refer¬ 
ence  electrodes  were  placed  at  the  ipsilateral  mastoid  processes. 

A  ground  electrode  was  placed  on  the  forehead.  KEGs  were  amplified 
using  t.O  second  time  constant  amplifiers,  stored  on  a  data  reeordot 
and  analyzed  using  an  electronic  averager.  EOG  artifacts  were 
checked . 


11.  Exmination  of  Word  Recognition 

Seven  right-handed,  healthy  subjects  and  three  slightly  impair¬ 
ed  aphasics  served  in  t  hi'  experiments.  The  11X11  red  LED  matrix 
was  used  as  the  visual  stimulator  similar  to  the  sentence  examina¬ 
tions  (Eig.  1).  Since  the  ability  of  Japanese  aphasics  to  use 
Kan i i  and  Kuna  can  be  selectively  impaired,  we  examined  LIVs  during 
information  processing  in  semantic  match  and  mismatch  between  eithei 
two  successive  Kan j i  or  two  successive  Kana  words  presented  in 
Thatcher's  paradigm  (Thatcher  and  April,  1976). 

In  the  Kanji  experiments  a  series  of  visual  displays  (20  msec 
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Fig.  1.  Kanji,  Kana  and  random  dot  pattern  presented  on  11  X  11 
LED  matrix. 


stimulus  duration,  1  stimulus/sec)  were  presented.  A  given  trial 
comprised,  sequentially,  a  variable  number  (two  to  six)  of  random 
dot  displays  (RDDs) ,  then  a  first  Kanji,  then  another  variable 
number  (two  to  six)  of  RDDs,  then  a  second  Kanji,  then  two  RDDs 
(Fig.  2) .  Ninety  to  120  trials  were  presented.  The  second  Kanji 
was  the  same,  antonymous  or  semantically  unrelated  to  the  first 
Kanji.  Five  pairs  each  of  identical,  antonymous  and  semantically 
neutral  single  Kanji  words  were  used  as  the  two  successive  Kanji 
words  (Table  1) .  The  subjects  were  told  to  press  one  switch  as 
fast  as  possible  after  a  trial  witli  semantic  match,  and  another  key 
for  mismatch  between  two  successive  Kanji.  The  recording  electrodes 
were  placed  at  T3 ,  T4 ,  T5 ,  T6 ,  P3  and  P4 .  The  linked  ears  served 
as  a  reference.  A  ground  electrode  was  placed  on  the  forehead.  The 
ERPs  were  averaged  separately  for  semantic  match  and  mismatch  cases. 
EOG  artifacts  were  checked. 

In  the  experiments  of  Kana  words,  each  Kanji  or  one  RDD  in  the 
above  mentioned  trial  was  replaced  by  three  sequential  Kanas  or  RDDs 
of  30  msec  in  duration  with  80  msec  intervals  (Fig.  3).  Eight  pairs 


□  □□□IT]  □□□□(Han 


1st 


2nd 


Variable  number  (2-6) 


of  presentations  2  presentations 


Task 

pressing 

switch 

1  o ilana  2 


(Random  dot  pattern)  (Random  dot  pattern) 


So™  □□[*]□□[»]□□  J_ 

Antonym  □  □  □  ft]  □  □  □  D  □  N  □  □  L 

Neutral  □  □  □  □  W  □  □  □  M  □  □  i_l 

sw  1  sw  2 


Fig.  2.  Trial  sequences  in  Kanji  experiment . 
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Table  1.  First  and  second  Kanji  pairings.  S:  same;  A;  antonymous; 
N:  semantically  neutral. 


1st  Kanji 

2nd  Kanji 

(light) 

±  (  up) 

(  N  ) 

_t  (up) 

T  (down) 

(A) 

B|  (dark) 

X  (up) 

(N) 

^  (dark) 

8f  (dark) 

(  S) 

T  (down) 

T  (down) 

(S) 

(out) 

(out) 

(S) 

"F  (down) 

±  (up) 

(A) 

R  (m) 

9f>  (out) 

(A  ) 

T  (down) 

Bfl  (l.ght) 

(N) 

*  (out) 

R  (m) 

(A) 

(Out) 

"F  ( down ) 

(N) 

R  (m) 

R  (in) 

(S) 

(light) 

Bfl  (light) 

(S) 

(light) 

Bg  (dark) 

(A) 

JL  (up) 

R  ( in ) 

(N) 

each  of  equal,  antonymous  and  semantically  neutral  Kana  words  were 
used  as  the  two  successive  Kana  words  (Table  2).  Tasks  for  semantic 
match  and  mismatch  between  two  successive  words,  EEG  recording  and 
data  processing  were  the  same  as  in  the  Kanji  experiments. 
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Table  2.  First  and  second  Kana-word  pairings.  S:  same;  A:  antony- 
mous;  N:  semantically  neutral. 


1st 

hana 

2  nd 

Kana 

*3  t  l 

(heavy) 

h  i  ‘ 

( sweet  1 

N 

f;  CM 

(high) 

U  s  ‘ 

llow) 

A 

l  b  * 

(weak) 

l-  5  i 

(wide) 

N 

t  i 

(thick) 

.i.  t  i 

(thick) 

S 

U  \  ' 

(low) 

1‘  s  • 

(low) 

S 

O'  $  i 

(light ) 

b  t  ‘ 

(heavy) 

A 

hi  ‘ 

(sweet) 

b  i  « 

(sweet ) 

s 

r  t 1 

(narrow) 

(■*  b  » 

(wide) 

A 

,\-Cm 

(deep) 

h  t 

(shallow) 

A 

it  ?  > 

(thin) 

b  \ 

(slow ) 

N 

r  f. » 

(salty) 

b  t  1 

(sweet) 

A 

fL  O'  i 

(high) 

l 

(weak ) 

N 

(wide) 

U  b  ‘ 

(wide) 

S 

it  t  ' 

(thin) 

l  ‘ 

(thick) 

A 

O'  i  t 

(light) 

O'  S  1 

(light) 

s 

h  Z  i 

•  (shallow) 

it  r  i 

(quick ) 

N 

b  t  » 

•  (slow) 

O'  t, » 

(salty) 

N 

•o  l  « 

•  (strong) 

I  b  i 

(weak) 

A 

.iC'* 

■  (deep) 

.10'* 

(deep) 

s 

nr*  * 

•  (quick) 

•  I  X*  ‘ 

(quick ) 

s 

it-v*  i 

1  (quick) 

*5  t  ' 

(slow) 

A 

O'  ^  » 

■  (salty) 

' 

(shallow) 

N 

1  V 

•  (strong) 

M  X  i 

(strong) 

s 

t!  1  ‘ 

•  (narrow) 

f.  O'  ‘ 

(high) 

N 

RESULTS 

I.  Sentence  Recognition 

Healthy  subjects .  In  the  experiments  with  acoustic  stimulation 
evoked  potentials  were  obtained  to  each  spoken  syllable.  The  ampli¬ 
tude  of  the  N1  component  of  the  evoked  potential  to  the  first 
syllable  was  the  largest.  The  amplitudes  of  P300  to  the  first  and 
the  fourth  syllables  were  larger  than  those  to  the  others.  In  the 
experiments  with  visual  stimulation,  the  amplitude  of  N1  to  each 
character  was  small.  P200  was  observed  for  every  character.  The 
amplitudes  of  P300  to  the  first  and  the  third  characters  were  much 
larger  than  those  to  the  second  and  the  fourth  characters.  P300 
latency  to  the  third  character  was  longer  than  any  of  the  other 
P300  latencies.  P650  to  the  first  and  the  third  characters  tended  t 
appear,  but  were  not  observed  in  responses  to  the  second  and  the 
fourth  characters  (Fig.  4) .  In  both  acoustic  and  visual  experiments 


LINGUISTIC  PROCESSING  LPC  AND  CNV 


127 


CNV  began  to  develop  at  the  first  information  (the  first  syllable 
or  character)  and  continued  until  the  subject  pressed  the  switch  in 
response  to  the  meaningful  sentences.  However,  when  the  subject 
was  stimulated  by  the  meaningless  sentences,  a  CNV  began  to  develop 
at  the  first  information,  continued  until  the  key  information  was 
given  (the  fourth  voice  or  the  third  character)  and  then  disappeared 
(Fig.  5,  Fig.  6) . 

In  the  examination  of  the  aphasic  patients,  confused  responses 
were  observed  in  sentence  differentiation.  Confused  responses  to 
the  acoustically  presented  sentences  were  observed  in  0-40%  of  the 
aphasic  patients  in  comparison  with  0-4%  of  the  healthy  subjects. 

The  confused  responses  to  the  visually  presented  sentences  were 
observed  in  0-68%  of  the  aphasic  patients  in  comparison  with  0%  of 
the  healthy  subjects.  The  evoked  potential  components  N1  and  P300 
were  observed,  but  the  CNV  amplitudes  were  very  small  or  at  zero 
level  in  the  aphasic  patients.  There  was  no  difference  between  the 
CNVs  produced  by  the  meaningful  and  meaningless  sentences  (Fig.  7) . 

In  the  investigation  of  the  auditory  agnostic  patient,  the 
evoked  potential  Nl ,  P300  and  CNV  were  not  observed  when  the  patient 
was  stimulated  with  the  acoustically  presented  sentences  (Fig.  8). 
But  Nl,  P300  and  CNV  were  very  similar  to  those  in  healthy  subjects 
during  visual  sentence  stimulation  (Fig.  9) . 


SENTENCE  WITH  MEANING  (Hole  opens) 

A  KU 


NA 


KU 

I 


_ I  5  mv 

I  sec  + 


Fig.  5.  F.voked  potentials  and  CNV  obtained  by  aural  sentence  sti¬ 
mulation.  F:  flash;  Top  record:  CNV  accompanied  by  stimulation  of 
meaningful  sentence;  Bottom  record:  CNV  accompanied  by  stimulation 
of  meaningless  sentence. 
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f’iA.  7.  Kvoked  potentials  and  «  obtained  by  auditory  sentence 
stimulation  in  an  aphasic  patient. 
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Fig.  8 .  Evoked  potentials  Nl,  P300  and  CNV  were  not  observed  in 
the  auditory  sentence  stimulation  ex[vriment  in  an  auditory  agnostic 
pat ient . 


1 1 .  Word  Recogn i t i  on 

Healthy  subject  s .  In  the  Kanji  word  experiments,  in  temporal 
leads  Nl  amplitudes  to  the  second  Kanji  were  not  marked,  but  P200 , 
P300  and  PbSO  to  the  second  Kanji  were  observed.  The  amplitudes 
of  P300  and  Pb 5 0  in  right  side  derivations  were  larger  than  those 
in  left  side  derivations  (Pig.  10).  Nl,  PT00  and  P300  to  the  first 
Kanji  were  similar  to  those  to  t he  second  Kanji,  but  P650  to  the 
first  Kanji  was  not  marked.  In  the  evoked  responses  to  the  RPP 
iust  before  and  after  tin'  second  Kanji,  Nl  amplitudes  were  not 
marked.  PdOO  was  observed,  but  neither  P300  nor  P650  appeared. 
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Pig.  8.  Kvoked  potentials  and  CNV  observed  in  the  visual  sentence 
stimulation  experiment  in  an  auditory  agnostic  patient. 
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2nd  Kanji (Antonym) 


Fig.  10.  Evoked  response  to  the  second  Kanji  (antonymous) 


Latencies  of  P200  to  these  RDDs  were  shorter  than  those  of  P200  to 
the  second  Kanji  (Fig.  11).  In  the  Kana  word  experiments,  N1 
amplitudes  to  the  second  Kana  words  were  not  marked,  but  P300  and 
P650  were  observed.  P300  amplitudes  to  the  second  Kana  words  in 
right-sided  derivations  were  larger  than  those  in  left-sided 
derivations  (Fig.  12).  Nl,  P300  and  P650  to  the  first  Kana  words 
were  similar  to  those  to  the  second  Kana  words,  but  not  marked.  In 
the  evoked  responses  to  three  sequential  RDDs  just  before  and  after 
the  second  Kana  words,  P300  was  observed,  but  P650  was  not  observed 
(Fig.  13).  Evoked  responses  at  P3  and  P4  were  similar  to  those  at 
T3 ,  T4,  T5  and  T6 . 


In  the  examination  of  aphasics  confused  responses  were  fre 
quently  observed  in  recognition  tests  of  Kanji  and  Kana.  In 


Random  dot  pattern 


200msec 


Fig.  11.  Evoked  response  to  random  dot  pattern  (just  before  the 
second  Kanji) . 


LINGUISTIC  PROCESSING  LPC  AND  CNV 


2  nJ  Hanoi  Antonym) 
1  1  1 


T, 


A  vN^  V 


V'-' 


Id.  Flvoked  response  to  the  second  Kana-word  (antonvmous) 


slight ly  impaired  aphasic  patients  evoked  responses  to  the  second 
Kanji  tended  to  be  similar  to  those  observed  in  healthy  subjects, 
the  amplitudes  of  P300  and  P650  were  smaller.  Peak  latencies 
of  P300  and  P650  in  aphasic  patients  were  much  longer  than  those  in 
healthy  subjects. 


DISCUSSION 

Friedman  et  al.  (1975),  in  a  study  of  averaged  visual  evoked 
potentials  to  sequentially  flashed  words  comprising  sentences  of 
two  conditions,  reported  that  P300  latencies  to  words  which  deliver¬ 
ed  information  (last  or  second  word  according  to  condition)  were 
longer  than  P300  latencies  to  any  of  the  other  words  in  the  sen¬ 
tence.  In  our  experiment  with  visually  presented  sentences,  P300 
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Fig.  13.  Evoked  response  to  three  sequential  random  dot  patterns 
(just  before  the  second  Kana-word). 
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In  the  Japanese  orthography  two  types  of  nonalphabetic  symbols, 
Kana  (phonetic  symbols  for  syllables)  and  Kanji  (essentially  lion- 
phonetic,  logographic  symbols  representing  lexical  morphemes)  are 
used  in  combination.  In  studies  of  Japanese  aphasic  patients,  it 
has  been  reported  that  various  types  of  dissociation  between  the 
ability  for  Kana  and  Kanji  processing  may  occur  (Sasanuma,  1971, 
1975) .  From  the  results  of  studies  on  Japanese  aphasics  and  tachis- 
toscopic  recognition  experiments  of  Kanji  and  Kana  in  left  and  right 
visual  fields  in  healthy  subjects  (Sasanuma  et  al.,  1977;  Hatta, 
1977),  the  following  hypothesis  lias  been  deduced:  Kanji  is  mainly 
processed  in  the  left  hemisphere.  The  discrepant  results  between 
asymmetry  of  P650  amplitudes  to  the  second  Kanji  and  that  to  the 
second  Kana-word  are  compatible  with  the  above  mentioned  hypothesis. 

It  is  very  interesting  to  compare  our  work  with  Brown  and 
Lehmann's  (1977)  which  suggests  that  noun  and  verb  in  English  are 
processed  in  different  hemispheres  from  the  observations  of  noun- 
and  verb-auditory  evoked  EEG  scalp  potential  fields. 

In  the  examination  of  aphasics  frequent  confused  responses  for 
recognition  of  Kanji  and  Kana-words,  smaller  amplitudes  of  P650, 
and  longer  peak  latencies  of  P300  and  P650  were  observed.  It  is 
assumed  that  information  processing  of  words  is  more  effective  and 
takes  a  longer  time  in  aphasic  patients  than  in  healthy  subjects. 


SUMMARY 

To  find  out  if  ERPs  can  be  useful  for  testing  recognition  of 
sentence  and  word,  LPCs  and  CNV  were  investigated  as  follows:  For 
sentence  recognition  subjects  were  required  to  respond  with 
different  key  presses  when  sequentially  presented  sentences,  visual 
or  aural,  were  recognized  as  meaningful  or  meaningless  by  key 
information  in  the  presentation.  In  healthy  subjects  P300  ampli¬ 
tudes  (C3 ,  C4)  to  the  beginning  of  information  and  to  the  key 
information  were  larger  than  those  to  the  other  parts  of  the  presented 
information.  The  difference  between  CNVs  produced  by  meaningful  and 
meaningless  sentences  was  observed  after  the  key  information.  In 
aphasia  the  recognition  response  in  CNV  after  the  key  information 
was  not  observed.  In  auditory  agnosia  it  was  observed  in  responses 
to  visual  sentences  but  not  in  those  to  auditory  sentences.  For 
word  recognition,  subjects  were  required  to  press  a  different  switch 
according  to  semantic  match  or  mismatch  between  either  two  success¬ 
ive  Kanji  or  two  successive  Kana  words,  presented  in  Thatcher's 
(197G)  paradigm.  In  healthy,  right-handed  subjects  P300  and  P650 
amplitudes  (temporal  and  parietal  leads)  to  the  second  Kanji  showed 
a  right  greater  than  left  asymmetry.  P300  amplitudes  to  the  second 
Kana  words  showed  the  same,  but  P650  amplitudes  to  the  second  Kana 
words  showed  a  left  greater  than  right  asymmetry.  These  findings 
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of  P650  are  compatible  with  the  hypothesis  that  Kanji  (logographic 
symbols)  and  Kana  (phonetic  symbols)  are  processed  differentially 
in  the  hemispheres.  In  aphasics,  P650  showed  less  marked  ampli¬ 
tudes  and  longer  peak  latencies.  These  results  of  two  experiments 
suggest  that  CNV  and  LPCs  can  be  useful  for  testing  sentence  and 
word  recognition. 
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The  studies  to  be  presented  have  been  carried  out  on  healthy 
subjects,  recording  the  pattern  evoked  response  to  a  black  and  white 
reversing  checkerboard  stimulus,  back-projected  onto  a  circular 
translucent  screen  viewed  monocularly  by  the  subject  at  a  distance 
of  1  meter.  The  full-field  stimulus  extends  out  from  a  central 
fixation  point  to  an  eccentricity  of  16  degrees,  and  the  individual 
checks  subtend  50' .  The  pattern  is  reversed  every  600  msec  by 
moving  it  rapidly  sideways  through  one  square  (10  msec  transition 
time) ,  and  the  response  to  200  such  reversals  has  been  averaged  in 
each  run.  For  half-field  stimulation,  one  side  of  the  screen  is 
masked  off,  and  smaller  areas  of  the  remaining  half-field  stimulus 
could  be  masked  off  in  the  same  way  to  test  central  or  peripheral 
stimulation.  The  position  of  the  central  fixation  light  remains 
the  same  throughout. 

The  pattern  evoked  potentials  are  recorded  from  a  transverse 
row  of  five  occipital  electrodes,  the  central  one  placed  5  cm 
above  the  inion  in  the  midline  and  the  lateral  ones  5  and  10  cm 
out  on  each  side.  All  are  referred  to  a  common  midfrontal 
reference.  Other  electrodes  have  also  been  used,  but  the  present 
account  will  be  limited  to  these  five  channels. 

The  response  to  the  full  0  to  16  degree  field  has  a  charac¬ 
teristic  distribution  over  the  occiput  with  a  maximum  amplitude 
in  the  midline  falling  off  at  the  electrodes  to  either  side.  Its 
most  prominent  feature  is  the  major  positive  component,  designated 
P100  which  is  usually  preceded  and  followed  by  smaller  negative 
peaks,  giving  the  whole  response  a  triphasic  negative /positive/ 
negative  (NPN)  character  (Fig.  1) .  We  have  shown  in  previous 
studies  (Barrett,  et  al. ,  1976;  Blumhardt,  et  al.,  1977)  that  the 
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Fig.  1.  Pattern  evoked  responses  to  left  and  right  half-field  and 
whole  field  reversing  checkerboard  stimuli  presented  to  the  left 
eye  of  a  healthy  subject.  The  subject  fixates  a  small  spot  of 
light  situated  in  the  center  of  the  screen,  and  the  stimuli,  which 
are  made  up  of  50'  black  and  white  squares,  extend  out  to  an  eccen¬ 
tricity  of  16  degrees.  Time  scale  in  10,  50  and  100  msec  marks. 

In  the  right-hand  record  the  full-field  response  is  compared  with 
the  sum  of  the  two  half-field  responses  (dotted  line) .  (From  Blum- 
hardt  et  al.,  1977.) 


whole-field  response  is  made  up  of  two  highly  asymmetric  half¬ 
field  responses.  In  each  of  these,  the  major  positivity  with  its 
accompanying  negative  peaks  is  seen  at  the  midline  and  ipsilatcral 
electrodes,  while  the  contralateral  channels  show  a  relatively  flat 
record  (Fig.  1) .  The  full-field  response  approximates  closely  to 
an  algebraic  summation  of  the  half-field  responses  recorded  in  the 
same  subject,  and  the  midline  maximum  is  due  to  the  addition  of  the 
ipsilateral  components  from  both  half-fields  at  this  particular 
electrode  (Blumhardt  et  al.,  1977;  Blumhardt  and  Halliday,  in  press). 
Although  there  are  quite  marked  individual  variations  in  the  detail 
of  the  waveform,  the  same  asymmetric  features  are  seen  in  all 
healthy  subjects,  irrespective  of  which  eye  is  being  stimulated. 

There  is  good  evidence  that  the  response  recorded  from  the 
electrodes  ipsilateral  to  the  half-field  stimulated  is  coming  from 
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the  contralateral  hemisphere,  since  hemispherectomized  patients 
show  exactly  the  same  asymmetric  distribution  for  the  response 
from  their  preserved  half-field  (Blumhardt  and  Halliday,  in  press). 
The  reason  for  this  curious  lateralization  of  the  major  positivity 
appears  to  be  the  position  and  orientation  of  the  cortical  project¬ 
ion  areas  generating  the  response  on  the  medial  and  postero-medial 
surface  of  the  contralateral  occipital  lobe  (Barrett  et  al .  ,  1976). 
However,  as  we  have  previously  demonstrated  (Michael  et  al. ,  1971) , 
the  position  of  the  reference  in  relation  to  the  occipital  elec¬ 


trodes  is  a  critical  factor  in  determining  what  one  records 


In  many  healthy  subjects,  a  smaller  additional  triphasic  com¬ 
plex  of  similar  latency  but  reversed  polarity  (PNP)  can  be  recorded 
in  the  half-field  response  at  the  contralateral  electrodes.  This 
PNP  complex  shows  much  more  variability  in  amplitude  and  waveform 
and  is  often  inconspicuous  or  absent.  When  present,  it  is  largest 
at  the  contralateral  electrode  10  cm  out  from  the  midline.  It  can 


Fig.  2.  Mean  waveform  and  standard  deviation  for  ttie  half-field 
responses  of  twenty-six  healthy  individuals.  The  responses  to  stimu 
lation  of  each  half-field  are  shown  separately  for  each  eye.  (From 
Blumhardt  et  al . ,  1978.) 
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be  clearly  seen  in  the  mean  half-field  responses  from  a  large  group 
of  healthy  subjects  (Fig.  2).  The  response  recorded  from  the 
electrode  5  cm  out  on  the  contralateral  side  appears  to  be 
"transitional"  between  the  large  ipsilateral  NPN  complex  and  the 
smaller,  more  variable  contralateral  PNP  complex,  and  it  conse¬ 
quently  has  a  larger  variance. 

At  first  sight  the  contralateral  PNP  complex  of  the  half¬ 
field  response  looks  as  if  it  might  be  just  a  phase  reversal  of  the 
ipsilateral  NPN  complex  recorded  from  the  other  end  of  the  genera- 
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Fig.  3.  The  effect  of  removing  a  progressively  increasing  propor¬ 
tion  of  the  central  stimulus  on  the  right  ha If- field  response  of  a 
healthy  subject.  The  left-hand  record  shows  the  response  evoked 
by  the  full  0  to  16  degree  right  half-field  checkerboard  stimulus. 
In  the  other  three  records  the  stimulus  has  been  masked  off  in  the 
central  2.5  degrees,  5  degrees  and  10  degrees,  respectively.  Note 
that  the  ipsilateral  NPN  complex  is  rapidly  attenuated  when  the 
central  stimulus  is  removed,  whereas  the  contralateral  PNP  complex 
is  actually  enhanced  for  the  2.5  degree  and  5  degree  "scotoma". 
(From  Blumhardt  et  al.,  1978.) 
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tor.  The  mean  latencies  of  the  subcomponents  for  a  large  group  of 
healthy  subjects  are,  in  fact,  roughly  similar,  particularly  for  the 
first  two  components.  In  a  group  of  twenty  healthy  individuals 
Blumhardt  et  al.  (1978)  found  that  the  initial  ipsi lateral  negati¬ 
vity  (N75)  and  the  corresponding  contralateral  positive  wave  (P75) 
both  had  a  mean  latency  of  between  76.5  to  78.1  msec.  Correspond¬ 
ing  means  for  the  major  ipsi lateral  positivity  (P100)  and  the 
contralateral  negative  wave  (N105)  similarly  fell  within  the 
range  103.7  to  106.3.  There  was,  however,  a  greater  discrepancy 
for  the  third  subcomponent  of  the  two  complexes,  the  ipsilateral 
negativity  (N145)  having  a  mean  peak  latency  within  the  range 
143.6  to  145.4,  while  the  contralateral  positivity  (P135)  had  a 
mean  latency  of  134.6  to  137.5.  Each  range  consists  of  four  mean 
values,  one  for  each  half-field  of  each  eye.  These  mean  latencies 
conceal  a  much  higher  degree  of  variability  in  the  individual  res¬ 
ponses,  and  an  examination  of  individual  records  shows  that  the 
ipsilateral  and  contralateral  components  can  vary  independently 
in  latency.  The  peak  latency  of  the  contralateral  negativity 
(N105)  may  occur  a  few  milliseconds  before  or  after  the  correspond¬ 
ing  ipsilateral  positive  wave  (P100)  in  the  same  individual  (see 
Blumhardt  et  al.,  1978),  Fig.  4). 

Further  evidence  of  the  independence  of  the  ipsilateral  NPN 
and  the  contralateral  PNP  complexes  is  provided  by  a  study  of  the 
effect  of  stimulating  separately  the  central  and  more  peripheral 
areas  of  the  0  to  16  degree  half-field.  This  demonstrates  not 
only  that  the  ipsilateral  and  contralateral  components  depend  to 
some  extent  upon  stimulation  of  different  areas  of  the  half-field 
but  also  that  the  contralateral  components  can  be  "masked"  by  the 
ipsilateral  ones  (Blumhardt  et  al.,  1978).  The  response  to  the 
full  0  to  16  degree  right  half-field  shown  in  the  left-hand  record 
of  Fig.  3  has  a  large  ipsilateral  NPN  complex  and  a  rather  small 
and  insignificant  contralateral  PNP  complex.  When  the  stimulating 
checkerboard  is  removed  from  the  central  2.5  degrees  of  the  right 
half-field,  however,  the  ipsilateral  positive  components  are  much 
reduced  in  size,  and  a  much  larger  contralateral  PNP  complex 
appears  (see  second  record  in  Fig.  3) .  When  the  central  5  degrees 
is  masked,  leaving  the  checkerboard  stimulus  in  only  the  peripheral 
portion  of  the  right  half-field  from  5  to  16  degrees,  the  ipsi¬ 
lateral  NPN  complex  is  even  more  attenuated  while  the  contralateral 
PNP  component  has  shown  a  slight  further  increase  in  amplitude 
(third  record,  Fig.  3).  Only  when  the  checkerboard  stimulus  is 
masked  out  to  10  degrees  is  there  a  significant  reduction  in  the 
size  of  the  contralateral  PNP  response.  It  appears,  therefore,  as 
if  the  ipsilateral  NPN  complex  is  evoked  particularly  by  stimula¬ 
tion  of  the  macular  parts  of  the  field,  while  the  contralateral  PNP 
complex,  which  appears  to  be  hidden  in  the  full-field  response  in 
many  individuals,  only  becomes  apparent  when  the  central  stimulus 
is  occluded. 
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Fig.  4.  The  effect  of  reducing  the  peripheral  area  of  the  left 
half-field  stimulus  on  the  mean  response  waveform  for  five  healthy 
individuals.  The  ipsilateral  NPN  complex  is  little  affected  by 
the  elimination  of  the  peripheral  checkerboard  stimulus  beyond  10 
or  5  degrees  (see  superimposed  responses  in  the  right-hand  column) . 
The  contralateral  PNP  complex  is,  however,  markedly  attenuated. 
(From  Blumhardt  et  al.,  1978.) 


The  dependence  of  the  contralateral  PNP  complex  on  stimulation 
of  the  paramacular  areas  of  the  half-field  is  well  seen  if  the  con¬ 
verse  experiment  is  done,  progressively  occluding  the  peripheral 
extent  of  the  half-field  stimulus  (Fig.  4) .  Since  some  individuals 
show  little  or  no  contralateral  complex  in  their  normal  half-field 
response,  this  effect  is  best  seen  in  the  group  mean  response. 
Reducing  the  half-field  stimulus  from  16  degrees  to  10  and  5  degrees 
has  little  effect  on  the  ipsilateral  NPN  complex,  since  this  depends 
predominantly  on  stimulation  of  the  macular  area.  The  contralateral 
complex  is,  on  the  other  hand,  markedly  attenuated  when  the  peri¬ 
pheral  areas  are  occluded  (Fig.  4)  . 

These  results  in  healthy  individuals  help  to  explain  the 
characteristic  changes  in  the  pattern  response  which  are  encounter¬ 
ed  in  patients  with  central  scotomata  (Halliday  et  al. ,  1976)  .  In 
such  patients,  the  normal  major  positive  component  of  the  pattern 
reversal  response  is  often  completely  replaced  by  a  negative  compo¬ 
nent  at  approximately  the  same  latency.  Significantly,  this  nega- 
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Fig.  5.  Response  evoked  by  the  full  0  to  16  degree  checkerboard 
stimulus  from  each  eye  of  a  74  year  old  man  with  dense  binocular 
central  scotomata  due  to  toxic  amblyopia.  Note  the  replacement 
of  the  normal  NPN  complex,  which  has  a  midline  maximum,  by  the 
PNP  complex  at  about  the  same  latency  which  is  of  largest  amplitude 
at  the  electrodes  on  either  side  of  the  midline. 


tivity  no  longer  has  a  midline  maximum  but  is  larger  at  the  lateral 
electrodes,  usually  at  the  electrode  5  cm  out  on  each  side.  It 
is,  in  fact,  made  up  of  a  combination  of  the  contralateral  PNP  com¬ 
plexes  from  the  two  half-fields  (Fig.  5).  This  can  be  clearly 
demonstrated  by  half-field  stimulation  (Fig.  6) .  The  PNP  complex 
of  the  full-field  response  is  then  seen  to  have  a  contralateral 
distribution  for  each  half-field,  while  the  ipsilateral  channels, 
where  the  major  positivity  normally  appears  as  part  of  the  NPN 
complex,  are  relatively  flat.  Lateralization  of  the  responses  by 
half-field  stimulation  is,  therefore,  an  important  method  of  analyz¬ 
ing  the  components  of  the  pattern  evoked  potential. 
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Fig.  6.  Half  field  responses  from  the  patient  whose  full-field 
response  was  shown  in  Fig.  5.  Note  that  the  PNP  complexes  of  the 
full-field  response  are  shown  to  have  a  contralateral  distribution 
for  each  half-field  stimulus. 


However,  a  word  of  caution  is  necessary.  If  correct  lateral¬ 
ization  is  to  be  achieved,  it  is  essential  to  adopt  a  suitable 
electrode  montage.  The  half-field  response  is  so  widespread  over 
the  back  of  the  head  that  the  choice  of  any  reference  within  this 
area,  such  as  the  ipsilateral  ear  or  mastoid,  is  liable  to  distort 
the  record.  If  the  reference  is  to  be  truly  indifferent,  a  loca¬ 
tion  must  be  chosen  which  is  well  outside  the  area  of  the  scalp 
from  which  the  response  comes.  Fig.  7  shows  the  same  right  half¬ 
field  response  recorded  in  a  healthy  individual  with  three  differ¬ 
ent  reference  electrodes  placed  respectively  on  the  left  ear,  mid- 
frontally  and  on  the  right  ear.  In  this  instance  the  standard 
transverse  chain  of  five  occipital  electrodes  spaced  5  cm  apart 
has  been  augmented  by  two  extra  electrodes  2.5  cm  out  from  the 
midline.  With  the  reference  on  the  right  ear,  the  amplitude  of  the 
ipsilateral  NPN  complex  is  greatly  attenuated,  because  this  is  also 
picked  up  by  the  reference  electrode.  Conversely,  when  the  left  ear 
reference  is  used,  the  contralateral  PNP  complex  is  slightly  atten¬ 
uated,  because  this,  in  turn,  is  picked  up  at  the  left  ear. 
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Fig.  7.  Right  half-field  response  recorded  from  a  healthy  subject 
with  three  different  references.  Two  extra  electrodes,  2.5  cm  out 
from  the  midline,  have  been  used  to  augment  the  standard  transverse 
row  of  five  electrodes  spaced  5  cm  apart.  Note  that  the  use  of  a 
right  ear  reference  greatly  attenuates  the  ipsilateral  NPN  complex, 
while  the  contralateral  PNP  complex  is  larger  when  this  reference 
is  used. 


One  can  actually  reverse  the  apparent  lateralization  of  the 
half-field  response  by  the  injudicious  use  of  a  lateralized  refer¬ 
ence  and  a  less  than  optimum  electrode  montage.  Fig.  8  shows  the 
left  half-field  response  recorded  in  a  healthy  subject  in  a  variety 
of  ways.  The  upper  row  of  five  records  illustrates  the  response 
recorded  with  the  standard  montage  used  in  this  study,  the  trans¬ 
verse  row  of  five  occipital  electrodes,  spaced  at  5  cm  intervals, 
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being  all  referred  to  a  midfrontal  reference.  With  this  montage 
the  major  positive  NPN  complex  is  clearly  lateralized  ipsilaterally 
to  the  half-field  stimulated,  although  the  maximum  amplitude  is 
obtained  at  the  midline  electrode.  The  two  contralateral  channels 
record  a  typical  PNP  complex  within  the  same  latency  range.  When 
left  and  right  occipital  electrodes  much  nearer  the  midline  are 
used  (as  in  the  locations  about  2  cms  up  and  out,  favored  in  the 
modified  Maudsley  montage,  and  the  slightly  higher  and  more  lateral 
locations  of  the  10-20  system) ,  the  lateralization  of  the  major 
positivity  of  the  NPN  complex  is  much  less  clearly  seen,  because 
there  is  some  spread  of  the  positivity  over  the  midline,  the  trans¬ 
itional  zone  between  ipsilateral  and  contralateral  complexes  being 
well  to  the  contralateral  side  of  the  midline.  This  is  evident  in 
the  second  row  of  records  where  the  Maudsley  left  occipital  (LO) 
and  right  occipital  (RO)  electrodes  are  referred  to  the  midfrontal 
reference;  the  positivity  is  still  larger  for  the  ipsilateral 
channel,  but  the  amplitude  difference  is  not  very  great.  When  a 
choice  of  electrodes  too  near  the  midline  is  compounded  by  the  use 
of  a  reference  electrode  on  the  same  side  of  the  head  and  within 
the  wide  area  from  which  the  occipital  response  can  be  picked  up, 
a  false  impression  of  the  lateralization  of  the  response  may  be 
obtained  (cf.  Holder,  1977,  1978).  In  the  third  line  of  records  the 
left  and  right  occipital  electrode  of  the  Maudsley  montage  have 
been  referred  to  Sylvian  reference  electrodes  on  the  same  side  of 
the  head,  and  in  the  fourth  line  of  records  the  same  occipital 
electrodes  have  been  referred  to  left  and  right  parietal  refer¬ 
ences.  In  both  cases  the  lateralization  of  the  major  positivity 
is  apparently  reversed  and  appears  to  be  recorded  from  the  side  of 
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Fig.  8.  Pattern  response  from  the  left  half-field  of  a  healthy 

subject  recorded  with  different  electrode  montages.  The  upper 
five  records  are  for  the  standard  montage  used  throughout  this 
study,  a  transverse  row  of  five  occipital  electrodes,  spaced  at 
5  cm,  referred  to  a  common  midfrontal  reference.  Note  the  distri¬ 
bution  of  the  NPN  complex  in  the  midline  and  ipsilateral  channels 
and  the  smaller  PNP  complex  seen  at  the  two  contralateral  electrodes . 
The  lower  records  are  taken  with  the  left  occipital  (LO)  and  right 
occipital  (RO)  electrode  of  the  modified  Maudsley  montage  referred 
(from  above  down)  to  a  common  midfrontal  reference  to  a  Sylvian 
electrode  on  the  same  side  of  the  head  and  to  a  parietal  electrode 
on  the  same  side  of  the  head.  Note  that  the  NPN  complex  is  seen 
for  both  channels  with  the  midfrontal  reference  because  the  elec¬ 
trodes  are  only  2  cm  from  the  midline.  With  the  ipsilateral  Sylvian 
or  parietal  reference  the  NPN  complex  is  mislateralized,  appearing 
larger  in  the  contralateral  channel.  This  is  because  the  response 
is  picked  up  and  partially  cancelled  by  the  Sylvian  and  parietal 
references  on  the  left  side  of  the  head,  but  not  on  the  right. 
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tho  head  cunt  ra lateral  t  o  the  half- fit' lei  stimulated.  This  is 
because  both  paiietal  and  Sylvian  references  on  the  left  side  of 
the  head  are  picking  up  something  of  the  ipsi  lateral  response. 

The  response  is,  therefore,  attenuated  in  the  left  occipital  channel 
which  uses  this  reference,  but  is  unuttenuated  in  the  right  occi¬ 
pital  channel,  because  this  is  referred  to  the  right-sided 
reference.  The  parietal  electrode  picks  up  more  of  the  response 
than  tho  Sylvian,  owiiuj  to  its  more  posterior  location,  and  there 
is  a  correspondingly  more  marked  attenuation  of  the  NPN  complex 
at  the  ipsi lateral  occipital  electrode. 

Fig.  9  shows  a  similar  example  for  right  half-field  stimula¬ 
tion  in  another  healthy  subject.  Again  the  choice  of  occipital 
electrodes  too  near  the  midline,  referred  to  a  parietal  electrode 
on  the  some  side,  leads  t o  an  apparent  mislateralizat ion  of  the 
response.  It  can  be  demon st rat ed  by  recording  the  parietal 
"references"  against  the  midt rental  e loot  rode  that  this  effect  is 
duo  to  the  ipsilatoral  parietal  electrode  picking  up  the  response 
(see  top  right  channel)  and,  thus,  attenuating  it  when  it  is  used 
as  a  reference  t  v>i  the  occipital  electrode.  The  left  parietal 
electrode  produce:;  no  such  attontuation  when  used  as  a  reference 
for  the  left  occipital  channel,  because  it  is  on  the  side  oi  the 
head  cont ru lateral  to  the  half-field  stimulated.  The  net  result 
again  is  that  the  major  positivity  appear:;  to  be  larger  at  the 
occipital  elect  rvxle  cont  ra  lat  ei  a  1  t  o  the  half-field  stimulated. 

This,  however,  is  misleading,  being  entirely  due  to  the  cancella¬ 
tion  occulting  between  pairs  of  ipsi lateral  electrodes  because  of 
the  widespread  distribution  and  large  amplitude  of  the  response' 
over  the  ipsi lateral  halt  of  the  back  ot  the  head. 

The  use  ot  half-field  stimulation  enables  the  subcomponent s 
of  f he  response  to  lx*  identified  as  being  either  ipsi lateral  or 
cont  t  a  lat  ei  u  1  .  Th  i  can  help  to  resolve*  many  of  the  ambiguities 
which  arise  in  mteipreting  abnormal  pattern  response  records  in 
>  lini  al  practice*.  Fig.  10  shows  a  typical  "crossed"  asymmetry 
reeoided  in  a  4U  year -old  man  with  a  suprasel  lai  mass  and  bitom- 
p*»ial  hemianopia.  The  PlOO  component  is  seem  i  oi  each  eye  on  the 
ide  ip  ilutetal  to  the  preserved  nasal  tield,  i.e.,  in  the  midline 


Fig.  *.  Pattern  i  espouse  1 1  om  t  lie  right  half-field  of  anot  her 
healthy  subiect  to  illustiute  the  ettect  ot  elect  tode  mont  age*  and 
re  f  e  i  ence  .  Note,  .is  in  Fig.  tt,  the  uppareMit  m  i  s  l  at  era  l  i  r.at  i  on  ot 
the  ma  jot  positivity  tot  the*  paiietal  leteience  montage*  (lowei 
paii  ot  records).  The*  upper  pa  i  i  ot  tt'cords,  from  the  parietal 
itteience:.  teteited  to  the  common  nudtrontal  e  1  ec 1  i  ode  ,  demonstrate* 
that  the  i  espouse  i  picked  up  by  the  patiet.il  teteience  t*  l  e*ct  rode 
e»ti  the*  light  side  ot  the*  head. 
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1’iq.  10.  Crossed  asymmetry  in  a  48  year  old  man  with 
mass  and  bitemporal  hemianopia.  Tile  P100  component  is 
teral  to  the  preserved  nasal  field  from  each  eye.  Not 
later  positivity  recorded  from  the  two  channels  on  the 
of  the  head . 


and  right-sided  channels  for  the  left  eye  response  and  in  the  mid 
line  and  left-sided  channels  for  the  right  eye  response.  There  i 
also  a  large,  somewhat  later  positivity  on  the  contralateral  side 
particularly  prominent  in  the  response  from  the  left  eye.  Such 
large  contralateral  positivities  have  been  previously  observed  ani 
commented  on  in  the  records  of  patients  with  compressive  lesions 
affecting  the  chiasma  (Halliday  et  al.,  1976).  In  the  absence  of 
information  about  the  half-field  responses,  this  contralateral 
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Fig.  11.  Half-field  responses  from  the  same  patient  as  in  Fig.  10. 
Note  that  all  the  major  features  of  the  full-field  response,  shown 
in  Fig.  10,  are  arising  from  stimulation  of  the  nasal  half-field  of 
each  eye.  In  particular,  the  later  contralateral  positive  wave  is 
seen  to  be  the  P135  component  of  the  contralateral  PNP  complex  of 
the  half-field  response,  and  not  a  delayed  P100  component  arising 
from  the  temporal  half-field. 


positivity  can  be  interpreted  as  a  delayed  P100  from  the  temporal 
half-fields  consequent  upon  the  compression  of  the  fibers  crossing 
in  the  optic  chiasma.  Stimulation  of  the  two  half-fields  separ¬ 
ately  (Fig.  11)  shows  conclusively  that  this  is  not  the  case.  The 
"contralateral"  positivity,  like  the  ipsi lateral  ploo,  is  seen  in 
the  responses  from  the  preserved  nasal  half-fields,  and  not  in  the 
temporal  half-fields.  This  component,  therefore,  represents  a  large 
third  component  of  the  contralateral  PNP  complex  (PU5) .  since  the 
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evidence  from  heraispherectomized  patients  establishes  that  both 
ipsi lateral  and  contralateral  components  of  the  half-field  response 
are  produced  in  the  same  hemisphere,  there  is  no  question  of 
invoking  a  delay  in  the  chaismal  fibers  to  explain  this  response. 
This  is  simply  one  example  of  the  clarification  which  can  bo  gained 
by  the  use  of  half-field  stimulation.  We  are  now  usinq  it  routine¬ 
ly  in  clinical  practice. 

SUMMARY 

Tlie  occipital  potential  evoked  by  a  reversing  black  and  white 
checkerboard  is  made  up  of  the  addition  of  the  left  and  right 
half-field  responses,  each  originating  from  the  contralateral 
hemisphere.  Since  the  whole  field  response  closely  approximates 
the  algebraic  sum  of  the  two  half-field  responses,  there  is  no 
evidence  of  any  significant  interaction  between  the  generators  in 
each  hemisphere. 

Within  each  half-field  response,  the  three  component  t  tin 
triphasic  NPN  complex  recorded  from  midline  and  ipsi later 
electrodes  (N175,  P100,  N145)  appear  to  behave  independently  from 
the  components  of  the  PNP  complex  recorded  contralaterally  (l  , 
N105,  P135)  .  The  "i psi lateral "  PlOO  component  is  evoked  parti¬ 
cularly  by  pattern  stimulation  of  the  foveal  area,  while  the 
"contralateral"  N105  component  depends  on  parafoveal  stimulation. 

Tlie  components  can  be  independently  enhanced  or  attenuated  by 
varying  the  area  stimulated  in  each  half-field.  Occlusion  of  the 
central  stimulus  attenuates  the  PlOO  component ,  with  a  consequent 
enhancement  of  the  N105.  The  same  chanqes  in  the  pattern  response 
occur  pathologically  in  patients  with  central  scotoma.  A  converse 
attenuation  of  the  contralateral  negativity  can  occur  when  the 
stimulus  is  removed  from  tlie  parafoveal  region. 

Many  of  the  ambiguities  arising  in  the  clinical  use  of  pattern 
EPs  can  be  resolved  if  the  nature  of  these  components  is  understood. 
Correct  lateralization  of  tlie  half-field  components  depends  on  the 
use  of  a  truly  indifferent  reference,  such  as  a  midfrontal  elec¬ 
trode,  while  misleading  appearances  may  result  from  reliance  on 
more  posteriorly  or  laterally  placed  references,  such  as  an  earlobe 
or  parietal  electrode.  Clear  identification  of  the  components  by 
lateralization  also  enables  one  to  distinguish  between  the  PlOO  and 
the  Pi 35  components,  which  may  otherwise  be  confused  and  lead  to 
ambiguity  when  the  problem  is  one  of  differentiating  delays  from 
scotomatous  changes. 
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THE  EFFECTS  OF  METHYLPHENIDATE  DOSAGE  ON  THE  VISUAL  EVENT  RELATED 
POTENTIAL  OF  HYPERACTIVE  CHILDREN 

R.  Halliday,  E.  Callaway,  J.  Rosenthal  and  H.  Naylor 

Langley  Porter  Neuropsychiatric  Institute 

University  of  California,  San  Francisco,  California  94143 


Hyperkinetic  children  have  a  disorder  of  attention,  and  that 
disorder  can  be  reduced  by  giving  stimulant  drugs  (Barkley,  1977) . 
Unfortunately,  the  process  of  attention  itself  remains  something  of 
a  mystery.  So,  naturally  both  the  disorder  of  attention  in  hyper¬ 
kinesis  and  the  beneficial  effects  of  stimulants  are  also  unclear. 
The  sensory  ERP  reveals  something  of  the  sequence  of  brain  opera¬ 
tions  that  follow  a  stimulus  and  thus  provides  a  temporal  dissection 
of  operations  potentially  involved  in  attention.  We  have  been  em¬ 
ploying  ERP  to  study  the  interaction  of  attention  and  stimulants  in 
hyperkinetic  children  in  the  hope  of  clarifying  the  nature  of  atten¬ 
tion,  its  disorder  in  hyperkinesis  and  the  effect  of  the  stimulant 
methylphenidate . 


METHOD 


Subjects 

The  subjects  in  this  experiment  were  nineteen  hyperactive  boys 
referred  to  us  by  the  Learning  Disabilities  Clinic,  Kaiser  Permanente 
Medical  Center,  Oakland,  California.  Diagnostic  criteria  were  simi¬ 
lar  to  those  applied  to  a  previous  series  of  children  (Halliday  et 
al.,  1976).  In  addition,  however,  each  child  ir  the  experiment  was 
rated  by  his  teacher  on  the  Conners  Teacher  Ratine  Scale  (Conners, 
1969)  at  least  two  standard  deviations  above  current  norms.  This 
scale  has  been  found  to  differentiate  hyperactive  children  from 
normals  (Cohen  et  al . ,  1974)  and  is  sensitive  to  the  effects  of 
methylphenidate  even  at  relatively  low  doses. 
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Parents  of  the  children  were  referred  to  our  project  if  the 
pediatrician  felt  that  a  clinical  trial  of  methylphenidate  was 
indicated.  The  project  was  then  explained  to  the  parents  and 
voluntary  consent  obtained.  Treatment  was  not  contingent  on  par¬ 
ticipation  in  the  project.  Preliminary  to  actual  acceptance,  the 
pediatrician  administered  5,  10  and  20  milligrams  of  methylpheni¬ 
date  to  test  for  possible  allergic  or  other  deviant  responses. 


Evoked  Potential  Procedures 

Visual  evoked  potential  (VEP)  activity,  heart  rate  and  reaction 
time  during  the  attended  portions  of  the  experiment  were  recorded 
from  each  child  on  four  different  sessions.  A  placebo  capsule  was 
always  administered  on  Session  #1.  In  the  remaining  sessions  the 
child  took  three  different  dosages  of  methylphenidate  45-60  minutes 
before  the  start  of  a  run.  The  active  dosages  were  0.16  (low), 

0.33  (medium)  and  0.66  (high)  milligrams  methylphenidate/kilograms 
body  weight  (mg/kg) .  For  an  80  pound  youngster  (36  kg) ,  this  dosage 
would  be  5,  10  and  20  mg  of  Ritalin.  Order  of  drug  administration 
was  randomly  assigned  to  one  of  three  possible  sequences. 

The  entire  experiment  was  controlled  by  a  small  laboratory 
computer  (NOVA  1220).  A  schematic  of  this  system  is  shown  in  Fig.  1. 
Visual  evoked  potentials  were  recorded  from  a  single  vertex  electrode 
(Cz)  referred  to  linked  ears  in  the  first  eight  children.  In  the 
next  eleven  children,  parietal  (Pz)  and  frontal  (Fz)  electrodes 
were  added  to  this  montage.  Eye  movement  and  cardiac  activity  were 
monitored  by  Beckman  electrodes.  The  EEG  was  amplified  by  standard 
EEG  electronics  with  filters  set  at  1  and  35  Hz.  The  trial  sequence 
was  initiated  by  the  R-wave  of  the  cardiac  cycle  which  triggered  a 
brief  pulse  to  the  computer.  A  50  msec  flash  of  light  followed 
150  msec  after  this  initializing  pulse.  This  delay  prevented  the 
R-wave  from  contaminating  the  VEP  activity.  The  next  trial  was 
randomly  initiated  after  the  second,  third  or  fourth  R-waves.  The 
interbeat  intervals  between  R-waves  on  each  trial  were  stored  and 
the  means  and  standard  deviations  printed  out  at  the  termination  of 
the  experimental  condition,  but  this  data  will  not  be  reported  here. 

The  EEG  was  sampled  every  4  msec  beginning  50  msec  prestimulus 
and  continued  over  a  1000  msec  interval.  Individual  trials  and  the 
averaged  VEP  were  stored  on  the  computer  floppy  disk  system  for  sub¬ 
sequent  analysis.  Reaction  time  and  response  accuracy  in  the  attend¬ 
ing  tasks  were  also  stored. 

The  within-sessions  conditions  consisted  of  an  active-attending 
task  (ATT)  and  a  passive-observing  task  (PAS) .  Whenever  possible, 
one  or  both  tasks  were  repeated.  The  number  of  replications  was, 
however,  unequal  due  to  the  fact  that  some  children  found  it  diffi- 
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Fig.  1.  Schematic  of  ERP  system 


cult  to  stay  attentive  during  the  later  portions  of  the  experiment. 

For  the  ATT  task,  the  child  was  asked  to  press  a  microswitch  when¬ 
ever  he  detected  a  dim  flash  (signal)  embedded  in  a  series  of  bright¬ 
er  flashes  (nonsignals) .  Signal  events  occurred  in  lot  of  the  trials, 
and  each  correct  detection  earned  a  IOC  reward.  Heart  rate  and  VEP 
data  for  approximately  100  nonsignals  were  collected  in  each  attend¬ 
ing  sequence.  In  the  PAS  task,  the  child  was  requested  to  simply 
observe  the  flashes.  A  special  eye  movement  algorithm  continuously 
computed  activity  from  the  eye  electrodes  and  tagged  records  that 
exceeded  present  levels.  These  records  were  excluded  from  the  com¬ 
putation  of  the  averaged  VEP.  Intertrial  interval  varied  between 
two  and  four  seconds.  Each  attentional  run  took  approximately  ten 
minutes.  Thus,  each  session,  with  appropriate  rest  periods,  required 
30-45  minutes  to  complete. 

The  child  was  seated  in  a  comfortable  chair  in  a  sound  atten¬ 
uated,  electrically  shielded  room.  Signal  and  nonsignal  stimuli 
were  delivered  by  a  small  box  located  153  cm  from  the  child.  Before 
the  start  of  each  session  the  child  was  given  sufficient  practice  to 
ensure  that  he  understood  the  procedures.  He  was  encouraged  to  sit 
quietly  during  the  run  and  cautioned  against  irregular  breathing  or 
looking  around  the  room. 
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RESULTS 

Prior  to  any  analysis,  the  data  for  each  child  was  examined 
trial  by  trial,  and  any  records  with  obvious  contaminants  were 
tagged  and  excluded  from  analysis.  In  general,  very  few  artifacts 
were  observed,  suggesting  that  our  on-line  artifact  rejection  firo- 
cedure  was  adequate.  The  ERP  data  were  analyzed  in  several  ways. 

Only  the  data  for  the  Cz  electrode  will  be  reported.  We  followed 
the  traditional  procedure  of  having  an  experienced  psychophysiolo¬ 
gist  pick  the  large  negative  (Nl)  and  positive  (P2)  peaks  visually 
while  blind  to  dose  and  type  of  attention.  The  computer  then  re¬ 
corded  amplitude  from  prestimulus  baseline  and  latency  from  stimulus. 
Then,  for  each  measure,  an  ANOVA  was  done  with  AGE  (under  ten  years 
and  over  ten  years) ,  DOSE  (none,  low,  medium,  high)  and  ATTENTION 
(active  or  passive)  as  conditions.  To  reduce  the  amount  of  missing 
data,  the  data  were  averaged  over  replications. 

The  amplitude  of  Nl  (N159)  showed  a  significant  AGE  X  DOSE  X 
ATTENTION  effect  (F  =  3.2;  df  =  3,51)  and  a  near  significant  (P<.07) 
AGE  X  DOSE  effect.  These  effects  are  shown  in  Figs.  2  and  3.  In  the 
younger  children,  increasing  doses  of  methylphenidate  increased  the 
Nl  although  this  effect  was  more  dramatic  in  the  passive-observing 
condition.  In  the  older  children,  the  effects  of  dosage  were  quite 
different  for  the  two  tasks.  Nl  in  the  attending  condition  showed 
a  significant  increase  up  to  the  medium  (.33  mg/kg)  dose.  Further 
increases  in  dosage  precipitated  a  dramatic  decrease  in  amplitude. 

In  the  passive  task,  Nl  amplitude  declined  gradually  throughout 
the  dosage  range. 

Latency  of  N159  showed  a  significant  linear  AGE  X  DOSE  com¬ 
ponent  (F  =  7.57;  df  =  1,17).  This  effect  is  shown  in  Fig.  4. 

Younger  children  showed  an  increase  in  latency  up  to  the  medium 
dose  while  older  children  showed  a  decrease. 

The  P228  amplitude  showed  a  significant  DOSE  X  ATTENTION  inter¬ 
action  (F  =  3.0;  df  =  3,51)  and  is  shown  in  Fig.  5.  Amplitude 
dropped  with  increasing  dosage  with  the  major  effects  occurring  in 
the  attending  condition.  P228  latency  showed  no  significant  effects. 

The  ERP  data  from  the  first  eight  subjects  had  been  previously 
studied  by  factor  analytic  technique,  and  this  was  repeated  on  this 
larger  group.  Each  subject  supplied  up  to  sixteen  ERPs  (four  doses, 
two  replications,  two  attention  conditions) .  The  set  of  ERPs  from 
each  subject  was  normalized  to  remove  individual  characteristics. 

To  do  this,  a  mean  ERT  was  computed  over  all  of  the  subject's  ERPs, 
as  well  as  the  standard  deviations.  Thus,  there  was  a  mean  and  a 
standard  deviation  at  each  time  point .  Then  for  each  individual 
ERP  at  each  time  point,  that  appropriate  mean  was  subtracted,  and 
the  results  were  divided  by  the  appropriate  standard  deviation. 
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Fig.  2.  Methylphenidate  dose/response  curves  for  N159  amplitude 
in  hyperactive  children  under  ten  years. 


The  result  was  an  ERP  measured  in  standard  scores  rather  than  in 
voltage.  The  correlation  matrix  of  these  normalized  ERPs  was  then 
factored  by  principal  components  analysis.  Nine  factors  were  ex¬ 
tracted  to  account  for  81%  of  the  variance,  and  these  were  treated 
by  Varimax  rotation.  Factor  scores  were  then  derived  to  character¬ 
ize  each  component  of  the  experimental  paradigm,  and  these  scores 
were  submitted  to  ANOVA.  Of  the  nine  factors,  six  yielded  F  ratios 
in  their  respective  ANOVAs  at  the  .05  level  or  better.  These  factors 
are  illustrated  in  Fig.  6. 

Before  discussing  these  factors,  one  thing  should  be  noted. 
Factor  #9,  which  is  not  shown,  seems  to  represent  the  N159  msec  com¬ 
ponent  which  in  our  previous  factor  analysis  performed  much  as  the 
N1  peak  amplitude  performed  in  this  analysis.  While  in  the  present 
factor  analysis  this  particular  factor  showed  an  effect  of  attention 
which  was  significant  at  the  .06  level,  it  showed  no  significant 
interaction  with  dose  or  age. 

Returning  to  the  figure,  Factor  #1  behaves  much  as  the  P2  com¬ 
ponent  in  the  conventional  analysis.  There  is  a  significant  DRUG  X 
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Fig.  3.  Methylphenidate  dose/response  curves  for  N159  amplitude  in 
hyperactive  children  over  ten  years. 


ATTENTION  effect  (F  =  2.9;  df  =  3,51)  that  decreases  linearly  with 
dose.  This  effect  is  best  seen  in  the  older  subjects  in  the  attend¬ 
ing  condition.  Factor  #4  (approximately  400  msec)  is  principally  an 
age  effect  which  is  consistent  with  the  increase  in  amplitude  of 
later  components  in  older  children  that  has  been  noted  by  many  other 
observers.  Factor  #5  (approximately  50  msec)  is  something  of  a  sur¬ 
prise.  This  very  early  component  shows  a  strong  DOSE  effect  (F  =  3.8 
df  =  3,51)  and  an  AGE  X  DOSE  X  ATTENTION  effect  (F  =  3.6;  df  =  3,51). 
This  is  a  complex  factor  and  will  require  replication  before  too  much 
is  made  of  it.  Factor  #6  (approximately  300  msec)  is  a  pure 
ATTENTION  effect  (F  =  4.9;  df  =  1,17).  It  appears  to  be  the  usual 
P300.  Factor  #7  (approximately  750  msec)  is  a  very  late  component 
which  shows  a  significant  quadratic  DOSE  effect  (F  =  7.1;  df  =  1,17) 
and  an  AGE  X  DOSE  effect  (F  =  2.8;  df  3,17).  These  effects  are 
highly  significant  and  unexpected.  They  are  illustrated  in  Fig.  7. 
Finally,  Factor  #8  yields  both  a  linear  DOSE  (F  =  7.5;  df  =  1,17) 
and  an  AGE  X  DOSE  X  ATTENTION  (F  =  3.2;  df  =  3,51)  effect.  This  450 
msec  component  appears  principally  as  a  linear  dose  increase  that 
is  most  marked  in  the  younger  subjects  during  the  active  attention 
task . 
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Fig.  4.  Methylphenidate  dose  effects  on  N159  latency  in  two  age 
groups  of  hyperactive  children. 
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Fig.  5.  Methylphenidate  dose/response  curves  for  F228  amplitude 
in  active  and  passive  observing  conditions. 
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MSEC 

Fig.  6.  Normalized  ERF  component  loading  functions  and  experimental 
conditions  which  yielded  significant  effects. 


Reaction  Time 

Reaction  times  to  the  dim  flash  were  influenced  both  by  age 
and  by  dose.  They  were  also,  as  might  be  expected,  significantly 
increased  by  replication,  and  reaction  time  tended  to  be  faster  in 
later  trials  than  in  earlier  trials.  In  general,  older  children 
were  faster  (F  =  6.5;  df  =  1,17)  as  would  be  expected.  DOSE  ef¬ 
fects  were  significant  (F  =  13.3;  df  =  3,51)  with  significant 
linear  and  quadratic  components.  This  is  illustrated  in  Fig.  8 . 
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component.  Additionally,  a  very  late  component  (750  msec)  was  af¬ 
fected  by  age  and  dose.  While  the  effects  of  methylphenidate  on 
late  ERF  activity  are  consistent  with  the  work  of  Klorman  (1978) , 
the  effects  on  the  50  msec  component  are  surprising.  However,  we 
note  that  a  recent  study  by  Sohmer  and  Student  (1978)  has  reported 
delays  in  the  central  transmission  time  of  far  field  potentials  in 
hyperactive  children,  thus  opening  up  the  possibility  that  early 
cortical  activity  may  be  delayed  and  perhaps  affected  by  stimulants. 

The  present  findings  reconcile  some  apparently  discrepant  re¬ 
ports  in  the  literature.  For  example,  with  low  doses  of  stimulants 
we  find  speeding  of  reaction  time  but  very  little  effect  on  the 
event  related  potential.  This  confirms  a  report  of  Hink  et  al. 

(1978)  who  obtained  similar  results  in  adults  given  10  mg  of  methyl¬ 
phenidate.  By  contrast,  we  find  a  reduction  in  F2  amplitude  and  a 
shortening  of  Nl  latency  at  very  high  doses.  This  is  confirmatory 
of  the  findings  reported  by  Velasco  et  al.  (1977)  who  gave  40-50  mg 
dextroamphetamine  to  adults  and  noticed  a  reduction  in  the  P200 
amplitude. 

Age  appears  to  be  one  of  the  most  interesting  factors.  Indeed, 
had  we  not  taken  age  into  account,  many  of  the  effects  noted  would 
have  simply  disappeared.  Satterfield  and  Braley  (1977)  have  re¬ 
ported  striking  age  differences  in  auditory  ERFs  of  normals  and 
hyperactives.  They  suggested  that  younger  hyperactives  may  be 
hyperaroused  relative  to  older  hyperactives.  This  hypothesis  pre¬ 
dicts  that  increasing  arousal  with  a  stimulant  would  make  the 
older  hyperactive  child  look  increasingly  like  younger  hyperactives 
without  stimulant.  This  suggestion  finds  some  confirmation  in  our 
N159  data.  In  particular,  older  hyperactive  children  show  a  de¬ 
crease  in  N159  amplitude  for  the  passive-observing  task  with  stimu¬ 
lant,  making  their  values  approach  those  of  young  subjects  without 
drugs.  Stimulants  also  make  the  older  subjects  have  shorter  N 1 1,0 
latencies,  again  more  like  the  younger  drug-free  subjects.  However, 
their  theory  does  not  explain  why  increasing  dosage  should  increase 
the  amplitude  of  the  N159  component  in  younger  children.  The  only 
other  data  published  on  age  differences  in  hyperactive  children  was 

by  Buchsbaum  and  Wonder _ (197.1).  Ttiey  found,  as  we  did,  that  younger 

children  show  faster  N159  latencies. 

Several  other  ago  related  phenomena  can  also  be  cited  as 
playing  a  role  in  the  differences  observed  in  this  report.  For 
example,  the  diagnosis  of  hyperactivity  is  much  easier  to  make  at 
age  ten  years  than  at  age  seven  years  and  there  is  some  evidence 
that  clinical  response  is  somewhat  better  in  older  children  (honey 
et  al . ,  1978;  Halliday  et  al.,  in  press).  Thus,  older  hyperactives 
may  be  a  more  homogeneous  group  than  younger  hyperactives  with 
respect  to  the  primary  underlying  symptom  of  this  disorde- .  Finally, 
developmental  changes  in  cognitive  skills  may  account  for  the  age 
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effects  noted.  Hagen  and  Hale  (1975) ,  for  example,  have  noted  that 
young  children  are  more  likely  to  attend  to  stimuli  that  are  periph¬ 
eral  to  a  central  task  than  older  children.  If  stimulants  act  on 
attentional  capabilities,  then  age  dependent  responses  to  stimu¬ 
lants  would  be  anticipated. 

The  present  data  suggests  that  N159  and  P228  represent  differ¬ 
ent  levels  of  stimulus  selection  in  the  total  attentive  process . 

N159  may  reflect  a  channel  selection  or  wide  band  filter,  and  P228 
a  narrower  band  process.  Arousal  and  attention  interact  to  narrow 
the  focus  of  both  processes.  Thus,  with  increasing  stimulant,  a 
non-target  stimulus  in  the  relevant  modality  is  quickly  excluded  by 
the  narrow  process,  while  it  continues  to  receive  more  energy  from 
the  broader  focused  process.  As  focusing  continues  the  broader 
process  also  comes  to  exclude  the  non-target. 

To  be  more  graphic,  consider  the  multidimensional  field  over 
which  selective  attention  operates  as  reduced  to  two  dimensions. 

The  non-target  stimulus  is  imagined  as  a  light-sensitive  device 
slightly  removed  from  the  target  stimulus  itself,  which  is  the  focal 
point  of  two  spotlights.  The  two  spotlights  have  a  variable  focus 
and  illuminate  in  sequence  the  spot  that  represents  the  stimulus. 

The  energy  of  the  first  light  on  the  spot  produces  N1  -  and  that  of 
the  second,  P2.  As  stimulant  dose  increases  and  the  focus  narrows, 
the  N1  light  is  first  concentrated  on  the  spot,  while  the  P2  light 
begins  to  exclude  it.  So  N1  increases  and  P2  falls.  Then,  as 
focusing  continues,  the  N1  light  also  begins  to  exclude  the  stimulus- 
spot,  and  Nl  also  begins  to  fall. 

This  scheme  is  testable.  One  can  use  stimuli  that  are  more 
distant  from  the  target  as,  for  example,  stimuli  in  a  different 
modality.  We  would  then  expect  the  N1  for  the  more  remote  stimulus 
to  show  a  nearly  monotonic  decrease  like  the  P2  of  the  less  distant 
stimulus.  P3  of  the  central  stimulus  would,  however,  show  a  nearly 
monotonic  increase. 

This  theory  is  sure  to  bo  wrong,  at  least  in  some  details,  but 
provides  a  useful  framework  for  a  start.  Such  KRP  dissection  of 
attention  allows  us  to  take  a  new  look  at  concepts  of  arousal- 
induced  narrowed  attention.  Such  ideas  have  been  of  some  interest 
in  the  past  (Callaway  and  Stone,  I960;  Past orbrook ,  1959),  but 
could  not  be  pursued  effectively  in  the  laboratory  at  that  time. 

This  ERP  dose/response  paradigm  promises  to  be  a  new  and  effective 
tool  for  application  to  this  problem. 


SUMMARY 

Visual  event  related  potent ials  were  examined  in  nineteen 
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hyperactive  (HA)  children  under  four  different  dosages  of  methyl- 
phenidate  and  two  levels  of  attention.  Dosage  had  a  significant 
effect  on  the  VERP  but  specific  findings  were  found  to  depend  on 
the  child's  age,  level  of  attention  and  the  component  measured.  In 
HAs  over  ten  years,  N159  amplitude  in  the  attending  condition  bore 
an  inverted-U  shape  relationship  to  dosage.  In  HAs  under  ten  years, 
the  amplitude  of  this  component  increased  linearly  with  dosage  but 
this  effect  was  only  found  in  the  passive-observing  condition.  N159 
latency  increased  with  dosage  in  younger  children  but  decreased  in 
older  HAs.  P228  amplitude  decreased  linearly  with  dosage  in  the 
attending  condition  but  showed  no  significant  age  effects. 

A  principal  components  factor  analysis  was  computed  on  normal¬ 
ized  VERP  waveforms.  Factor  scores  describing  each  of  the  experi¬ 
mental  conditions  were  obtained  and  analyzed  by  ANOVA.  Nine  factors 
were  extracted  and  five  of  these  were  affected  by  dosage  in  combina¬ 
tion  with  either  age  or  attention.  Dosage  effects  were  found  in  both 
early  and  later  components. 

The  relevance  of  these  findings  to  other  studies  was  discussed. 

A  two  stage  modal  of  attention  was  proposed,  and  the  use  of  VERP  dose/ 
response  curves  as  a  method  for  untangling  various  attentional  mech¬ 
anisms  was  presented. 
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EVOKED  POTENTIAL  INDICANTS  OF  SIZE-  AND  ORIENTATION-SPECIFIC 
INFORMATION  PROCESSING:  FEATURE-SPECIFIC  SENSORY  CHANNELS 
AND  ATTENTION 


M.R.  Harter,  F.H.  Previc  and  V.L.  Towle 
University  of  North  Carolina  at  Greensboro 
Greensboro,  North  Carolina  27412 


One  advantage  of  evoked  potentials  (EPs)  to  transient  stimuli 
is  that  they  contain  information  as  to  the  time-course  of  the  elec- 
trophysiological  response  to  such  stimuli.  This  time  course  may  be 
presumed  to  reflect  the  temporal  sequence  in  which  information  con¬ 
tained  in  the  stimulus  is  processed.  The  present  paper  is  primarily 
directed  toward  a  better  understanding  of  the  time  course  of  infor¬ 
mation  processing  specific  to  the  size  (spatial  frequency)  and 
orientation  of  the  elements  of  visual  stimuli.  Such  processing 
will  be  considered  both  in  relationship  to  sensory  information 
channels  and  selective  attention.  The  final  section  will  be  a 
brief  review  of  preliminary  data  on  the  potential  applications  of 
these  types  of  procedures  to  clinical  problems. 


EP  MEASURES  OF  FEATURE-SPECIFIC  SENSORY  CHANNELS 

Psychophysical  data  from  man  (Blakemore  et  al ,  1973;  Blake 
and  Levinson,  1977)  and  electrophysiological  data  from  animals 
(Wiesel  and  Hubei,  1966;  Ikeda  and  Wright,  1972)  indicate  that 
there  are  sensory  channels  selectively  responsive  to  specific 
spatial  frequencies  and  orientations  of  pattern  stimuli.  The  band- 
widths  of  spatial  frequency  and  orientation  channels  vary  between 
1-2  octaves  and  3-40°  respectively,  depending  on  the  procedure  used. 

Interocular  suppression  of  transient  VEPs  has  been  used  as  an 
electrophysiological  measure  of  spatial  frequency  (Harter  et  al., 
1976)  and  orientation  (Harter,  1977;  Harter  et  al.,  in  prep.)  chan¬ 
nels  in  man.  In  these  studies  high  contrast  patterns  of  different 
check  sizes  or  orientations  were  continuously  presented  to  one  eye 
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while  VEPs  were  obtained  to  a  pattern  flashed  to  the  other  eye.  The 
amplitude  of  particular  VEP  components  progressively  decreased  as 
the  spatial  frequency  or  orientation  of  the  flashed  and  continuously 
presented  pattern  was  made  more  similar.  The  bandwidths  were  about 
2  octaves  and  40°,  respectively,  for  size-  and  orientation-specific 
suppression.  These  values  correspond  reasonably  well  to  those  based 
on  psychophysical  measures  obtained  under  comparable  conditions. 
Orientation-specific  suppression  had  the  greatest  effect  on  compo¬ 
nents  peaking  between  75  and  110  msec  poststimulus,  whereas  size 
(spatial  frequency) -specific  suppression  had  the  greatest  effect 
on  components  peaking  between  125  and  160  msec  poststimulus.  This 
difference  suggests  that  the  orientation  of  the  stimulus  may  be 
processed  before  its  spatial  frequency.  On  the  other  hand,  however, 
it  simply  could  reflect  the  effects  of  the  different  experimental 
conditions  employed  in  the  procedures  of  the  two  studies. 


SELECTIVE  ATTENTION  AND  SENSORY  CHANNELS 

There  has  been  considerable  discussion  as  to  the  nature  of 
mechanisms  which  might  mediate  the  effects  of  selective  attention 
(see  reviews  by  Tueting,  in  press;  Hillyard,  et  al.  in  press; 

Donchin  et  al.,  in  press).  Harter  and  Previc  (in  press)  hypothesized 
that  the  specificity  of  selective  attention,  as  reflected  by  VEPs, 
may  be  determined  by  the  specificity  of  sensory  information  chan¬ 
nels.  To  test  this  hypothesis  subjects  were  presented  checker¬ 
board  light  flashes  which  varied  randomly  in  check  size.  One  of  the 
check  sizes  was  made  task  relevant  (attended)  and  all  others  task- 
irrelevant  (ignored) .  When  subjects  selectively  attended  a  given 
check  size,  the  VEP  to  that  check  size  contained  a  negative  compo¬ 
nent  which  began  at  approximately  210  msec  and  peaked  at  about  160 
msec  poststimulus.  An  inverted  U-shaped  function  was  obtained 
between  the  amplitude  of  this  negative  component  and  the  flashed 
check  size  with  the  peak  of  this  function  associated  with  the 
attended  check  size.  The  fact  that  this  size-specific  attention 
was  reflected  in  the  VEP  as  early  as  160  msec  poststimulus  and  has 
a  bandwidth  comparable  to  sensory  size  channels  (about  2  octaves) 
supports  the  hypothesis  that  sensory  channels  are  the  functional 
units  that  mediate  the  specificity  of  attention  to  check  size. 

A  comparison  of  the  results  of  the  above  studies  of  interocular 
size  and  orientation  suppression  and  of  size-specific  attention 
suggests  the  following  conclusions:  first,  orientation-specific 
suppression  is  of  greater  magnitude  and  occurs  earlier  in  time  than 
size-specific  suppression.  This  suggests  that  orientation  channels 
may  precede  spatial  frequency  channels;  secondly,  the  effects  of 
interocular  suppression  occur  earlier  in  time  than  the  effects  of 
selective  attention.  This  suggests  that  the  earliest  sensory 
channels,  as  reflected  by  feature-specific  interocular  suppression, 
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may  not  be  directly  influenced  by  selective  attention.  These  con¬ 
clusions,  however,  must  be  considered  tentative  since  they  were 
based  on  a  comparison  between  studies  conducted  under  different 
experimental  conditions . 

In  order  to  further  substantiate  these  conclusions,  two  studies 
of  spatial  frequency  and  orientation  effect  on  VEPs  were  conducted 
under  virtually  identical  stimulus  conditions:  Experiment  A  inves¬ 
tigated  the  effects  of  intra-  and  interocular  suppression  (Towle 
et  al.,  in  prep.),  while  Experiment  H  investigated  the  effects  of 
selective  attention  (Harter  and  Previc,  in  prep.).  In  addition  to 
the  question  of  the  time  course  of  the  suppression  and  attention 
effects,  these  experiments  were  concerned  with  the  specificity  of 
these  effects.  For  example,  if  these  effects  are  interdependent, 
then  grating  of  a  given  spatial  frequency  and  orientation  would 
only  influence  the  response  to  other  gratings  of  that  same  spatial 
frequency  and  orientation.  If,  on  the  other  hand,  these  effects 
were  independent,  a  grating  of  a  given  spatial  frequency  and  orient¬ 
ation  would  influence  other  gratings  of  that  same  orientation  but 
of  different  spatial  frequencies,  and  vice  versa.  Interdependence 
of  effects  would  indicate  "pattern-specific"  type  channels,  whereas 
independence  of  effects  would  indicate  "feature-specific"  type 
channels . 


Method 

The  stimuli  were  four  black  and  white  square-wave  grating  trans¬ 
parencies  consisting  of  9  or  36  min  bars  (3.3  or  0.83  c/d)  oriented 
vertically  or  horizontally.  These  four  patterns  will  be  referred  to 
as  9V ,  9H,  36V  and  36H,  respectively.  Monocular  (right  eye)  evoked 
potentials  were  obtained  only  to  the  9V  and  36H  gratings  by  back 
illuminating  these  transparencies  once  every  780  msec  with  a  10 
msec  light  flash.  The  intensity  of  this  flash  was  2.5  log  units 
above  threshold.  The  visual  fields  viewed  by  the  left  and  right  eye 
subtended  7°  and  were  binocularly  fused  by  means  of  a  haploscope 
(Fig.  1).  The  constant  luminance  of  each  field  was  4  ml.. 

Monopolar  EEGs  were  obtained  with  Grass  gold-cup  scalp  elec¬ 
trodes,  ttie  active  electrode  placed  2.5  cm  above  the  inion  on  the 
midline  (Oz)  and  the  reference  electrode  attached  to  tin-  right  ear¬ 
lobe  (A2).  They  were  amplified  with  a  Model  7WC  Grass  Polygraph 
(1/2  amplitude  high  and  low  frequency  filters  set  on  36  and  1  Hz, 
respectively) .  Evoked  potentials  to  the  9V  and  36H  flashed  grat ings 
were  averaged  (N=64)  for  512  msec  poststimulation.  Each  experi¬ 
mental  condition  was  replicated  fbur  times  during  the  course  of 
the  experiment. 

The  purpose  of  Experiment  A  was  to  compare  the  time  courses  of 
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Fig.  1.  Haploscope.  Subjects  continuously  viewed  dichoptically 
presented  suppressing  stimuli  (S)  illuminated  by  an  incandescent 
light  source  (C)  behind  a  diffusing  screen  (D) .  Gratings  mounted 
in  a  multistimulus  projector  (M)  were  flashed  (F)  through  the 
right  channel.  From  Towle  et  al.  (in  prep.). 


size-  and  orientation-specific  suppression  and  to  investigate  the 
interaction  between  them.  Both  interocular  and  intraocular  sup¬ 
pression  were  investigated  to  assess  the  contribution  of  peripheral 
and  central  mechanisms  to  such  effects.  In  the  interocular  sup¬ 
pression  conditions,  the  left  eye  continuously  viewed  either  the  9V, 
9h,  36V  or  36H  gratings  (presented  in  counterbalanced  order)  while 
VEPs  were  obtained  to  the  9V  or  36H  grating  flashed  to  the  right  eye . 
In  the  intraocular  suppression  conditions,  both  the  flashed  and  con¬ 
tinuously  presented  gratings  were  presented  to  the  right  eye. 

Diffuse  flashes  were  randomly  intermixed  among  the  sixty-four  flashed 
gratings.  The  subject's  task  was  to  give  selectively  an  RT  response 
to  the  flashed  gratings  and  not  to  the  diffuse  flashes.  Performance 
was  measured  in  terms  of  d* .  If  the  subject  did  not  respond  within 
375  msec  poststimulus,  negative  feedback  was  presented  in  the  form 
of  a  "click".  Six  subjects  participated  in  Experiment  A. 

Experiment  B  was  an  investigation  of  the  effects  of  directing 
the  subject's  attention  selectively  toward  either  the  9V,  9H,  36V 
or  36H  grating  while  recording  VEPs  to  the  9V  and  36H  flashed  grat¬ 
ings.  This  experiment  was  identical  to  Experiment  A  with  the 
following  exceptions:  1)  both  eyes  continuously  viewed  diffuse 
light;  2)  the  four  different  gratings  were  flashed  in  a  random 
sequence  until  both  the  9V  and  36H  gratings  had  been  flashed  sixty- 
four  times;  3)  the  subject's  task  was  to  selectively  give  an  RT 
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response  to  the  attended  or  relevant  grating  and  to  withhold 
responses  to  the  other  three  gratings.  A  negative  feedback  "click" 
was  given  if  the  subject  did  not  respond  within  375  msec  following 
the  relevant  grating.  The  percentage  of  RT  responses  to  all  four 
stimuli  were  recorded,  and  once  again  a  signal  detection  criterion 
was  used  with  d'  measuring  how  selectively  subjects  were  responding 
to  the  relevant  grating.  Eight  subjects  participated  in  this 
experiment. 

The  changes  in  VEP  amplitude  as  a  function  of  the  experimental 
conditions  of  both  experiments  were  quantified  by  measuring  ampli¬ 
tude  at  fixed  or  relatively  fixed  points  in  time  after  stimulation, 
in  reference  to  a  baseline  (average  voltage  level  of  the  first  45 
msec).  For  Experiment  A,  these  latencies  were  75  msec,  100  msec, 
125  msec,  a  negative  peak  between  125-195  msec  (N150)  ,  a  positive 
peak  between  200-250  msec  (P230) ,  275  msec,  a  positive  peak  between 
280-380  msec  (P320)  and  425  msec.  For  Experiment  B  these  latencies 
were  75,  125,  175,  200,  225,  250  and  375  msec.  These  latencies 
were  selected  either  on  the  basis  of  measures  used  in  previous 
studies,  the  peaks  and  troughs  of  the  raw  VEP  waveform  or  the  peaks 
and  troughs  of  the  difference  potentials.  These  measures  were 
analyzed  statistically  with  repeated  measures  analyses  of  variance, 
and  individual  means  were  compared  with  either  Newman-Keuls  or  Dune 
multiple  range  tests. 


Results 

The  psychophysical  (d ' )  data  of  Experiment  A  indicated  subjects 
had  more  difficulty  discriminating  the  grating  from  diffuse  flashes 
when  the  9V,  as  compared  to  the  36H,  grating  was  flashed  (p  <  .01). 
The  suppressing  effects  of  the  other  three  continuous  gratings  and 
the  effects  due  to  intra-  vs  interocular  presentation  of  the  con¬ 
tinuous  stimulus  did  not  differ  significantly. 

The  d'  values  obtained  in  Experiment  B  indicated  the  four 
gratings  differed  in  terms  of  how  selectively  subjects  could  respond 
to  them  (p  <  .01).  The  highest  to  lowest  d'  values  were  associated 
with  attending  to  the  36V,  36H,  9V  and  9H  gratings,  respectively. 

A  greater  number  of  false  alarms  were  made  to  irrelevant  stimuli  of 
the  same  size,  as  compared  to  the  same  orientation,  as  the  relevant 
grating . 

The  results  will  be  represented  in  the  form  of  difference  poten¬ 
tials  (bottom  Fig.  2  and  Fig.  3)  which  reflect  the  change  in  VEP 
amplitude  and/or  latency  due  to  reducing  the  number  of  features  of 
the  continuous  or  relevant  grating  identical  to  those  of  the  flashed 
grating.  Any  significant  deviation  from  a  flat  difference  potential 
indicates  the  change  in  the  continuous  or  relevant  grating  influenced 
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A  EXPERIMENT  8 


12  3  4  5  .1  2  .5  4  5 


LATENCY  (sec) 

Fig.  2.  VEPs  (top)  and  difference  potentials  (bottom)  to  the  9V 
flashed  grating.  Subject  MKH.  Amplitude  measures  were  made  at  peaks 
and  troughs  of  raw  data  (vertical  dashed  lines)  and  at  fixed  laten¬ 
cies  (vertical  solid  lines)  .  Left .  (Experiment  A)  Effects  of  a 
continuous  grating  upon  VEPs  to  the  flashed  grating  when  the  two 
gratings  were  viewed  by  the  same  eye  (intraocular  condition)  or 
different  eyes  (interocular  condition) .  Right ■  (Experiment  B) 
Effects  of  attending  one  of  the  four  gratings  on  VEPs  to  the  9V 
grating.  The  difference  potentials  indicate  the  change  in  VEPs  when 
one  or  more  features  of  the  continuous  or  relevant  (attended)  grating 
were  made  identical  to  those  of  the  flashed  grating.  The  numbers 
(9  and  36)  and  letters  (V  and  H)  indicate  the  bar  width  (min)  and 
orientation  of  the  gratings. 


the  VEP  to  the  flashed  grating.  Only  VEPs  to  the  9V  grating  will  be 
discussed  in  the  present  paper.  The  VEPs  to  the  36H  gratings  (Towle 
et  al. ,  in  prep.)  confirm  that  the  effects  to  be  discussed  were 
feature-  or  pattern-specific,  unless  otherwise  stated. 
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The  results  of  Experiment  A  (left  column  Fig.  2)  indicated 
the  time  course  of  the  effects  of  the  continuous  grating  on  VEPs  to 
the  flashed  grating  was  similar  for  both  the  inter-  and  intraocular 
conditions,  except  that  intraocular  suppression  was  greater  100-150 
msec  post  stimulus  (p  <  .05).  The  grouped  data,  averaged  across  the 
intra-  and  interocular  suppression  conditions,  are  shown  in  Fig. 

3  (last  column) . 


EXPERIMENT 


A  CHANGE  CONTINUOUS  B  CHANGE  RELEVANT 

GRATING  GRATING 


o  .1  2  .3  .4  .3  0  .1  .2  .3  .4 


LATENCY  (ttc) 

Fig.  3.  Quantified  difference  potentials  averaged  across  subjects 
and  replication  indicating  the  change  in  VEP  amplitude  due  to  making 
a  feature  of  the  continuous  grating  (Experiment  A)  or  relevant 
grating  (Experiment  B)  identical  to  that  of  the  9V  flashed  grating. 
Top  row  are  the  means  (X)  reflecting  the  effects  of  a  change  from 
0  to  1  and  from  1  to  2  features  in  common.  Nine  and  36  followed  by 
V  and  H  indicate  the  bar  width  (min)  and  orientation  of  the  gratings. 
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The  changes  in  VEP  amplitude  from  100  to  150  msec  poststimulus 
indicated  the  following:  a)  greater  orientation-specific  than  size- 
specific  suppression;  b)  orientation-specific  suppression  was 
independent  of  spatial  frequency — that  is,  the  VEP  to  the  9V  flashed 
grating  was  suppressed  by  changing  the  continuous  gratings  from  36H 
to  36V;  c)  spatial  frequency-specific  suppression  was  dependent 
upon  orientation — that  is,  the  VEPs  to  the  9V  flashed  grating  were 
suppressed  only  by  changing  the  continuous  grating  from  36V  to  9V 
and  not  by  the  change  from  36H  to  9H. 

After  about  150  msec  poststimulus,  the  nature  of  suppression 
to  both  bar  size  and  orientation  was  similar.  The  two  types  of 
suppression  were  of  about  the  same  magnitude  and  were  reflected  by 
a  negative  shift  in  amplitude  between  150  and  350  msec,  followed 
by  a  positive  shift  in  amplitude  between  350  and  450  msec.  At  all 
latencies,  the  suppression  effects  were  greatest  when  the  continuous 
grating  had  both  features  in  common  with  the  flashed  grating. 

The  results  of  the  selective  attention  experiment  (Experiment 
B,  right  column  Figs.  2  and  3)  indicated  that  which  grating  was  task 
relevant  influenced  VEP  amplitude  to  the  9V  grating,  as  measured  125, 
200,  225,  250  and  375  msec  poststimulus  (p  <  .01  except  200  msec 
where  p  <  .05) .  The  change  in  VEPs  to  the  9V  flashed  grating,  due 
to  increasing  the  relevance  of  this  grating,  was  characterized  by 
increased  negativity  between  100  and  150  msec  (N125) ,  increased 
positivity  between  150  and  200  msec  (P175) ,  increased  negativity 
between  200  and  300  msec  (N250)  and  increased  positivity  between 
200  and  400  msec  (P350) . 

The  effect  of  task  relevance  on  N125  is  of  particular  interest 
in  that  such  an  early  effect  has  not  been  reported  in  response  to 
visual  stimuli  in  the  previous  literature.  The  influence  of  selec¬ 
tive  attention  was  evident  only  when  the  orientation  of  the  relevant 
stimulus  was  identical  to  that  of  the  flashed  grating  (9V  and  36V) 
and  was  fairly  independent  of  the  spatial  frequency  of  the  relevant 
grating.  The  average  difference  potentials  reflecting  this  orien¬ 
tation  attention  effect  (solid  line  top-right  Fig.  3) — that  is, 
the  increased  negativity  from  75  to  125  and  positivity  from  125  to 
175  msec — were  statistically  significant  (p  <  .025  and  <  .01,  res¬ 
pectively)  .  It  should  be  noted  that  this  effect  was  not  evident  in 
VEPs  to  the  36H  flashed  gratings  (data  not  shown) . 

In  general  the  changes  in  N250  and  P375  in  Experiment  B  indi¬ 
cated  considerable  interdependence  between  the  effects  of  the  size 
and  orientation  of  the  flashed  and  attended  gratings.  The  effects 
of  attending  a  grating  with  only  one  feature  in  common  with  the 
flashed  grating  had  little  influence  upon  the  VEP  amplitude.  There 
was  a  small  effect  of  this  type  only  when  the  flashed  and  attended 
grating  were  of  the  same  spatial  frequency.  A  shift  in  attention 
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had  the  greatest  effect  when  it  was  from  a  grating  with  neithet 
feature  in  common  to  a  qrat  inq  with  both  features  in  common  with 
the  flashed  qrat  inq  (i.e.,  from  )6H  to  9V)  . 


DISCUSSION 

Tin-  results  will  be  discussed  in  teqards  to  two  interrelated 
questions:  What  is  the  sequence  in  which  t  hi'  spatial  frequency  and 
oriental ion  of  a  pattern  is  processed,  both  in  terms  of  the  neural 
representation  of  the  pattern  (presumably  in  sensory  information 
channels)  and  the  effects  of  selective  attention  to  the  pattern? 

And  secondly,  to  what  extent  may  the  effects,  of  selective  attention 
be  related  to  the  nature  of  activity  in  sensory  information  channel 
The  series  of  studies  reported  above  will  be  related  to  these  two 
questions  by  first  summarizing  how  the  chanqes  in  sensory  channels 
(induced  by  sensory  suppression)  and  chanqes  in  attention  (induced 
by  task  relevance)  affect  the  VHP.  Then  the  interrelationship  of 
activity  in  sensory  channels  and  mechanisms  of  selective  attention 
will  be  assessed  by  comparing  these  suppression  and  attention 
effects  both  in  terms  of  their  time  course  and  their  specificity. 

F.arly  VHP  Components  and  Sensory  Channels 

For  the  purposes  of  discussion  it  will  be  assumed  that  VHP 
components  earlier  than  200  msec  poststimulus  reflect  sensory 
activity  and/or  activity  not  directly  associated  witli  motor  process 
This  assumption  is  based  on  the  fact  the  VHP  components  occurrinq 
earlier  than  200  msec  post  stimulus  are  influenced  by  stimulus 
parameters  per  se  in  passive  subjects  (llarter  et  al.,  ll,7b;  Harter 
et  al.,  in  prep.)  and  that  RT  latency  is  typically  greater  than  300 
msec  poststimulus  in  a  choice  RT  task. 

The  size-  and  orientation-specific  suppression  of  early  VKP 
components  obtained  in  Experiment  A  may  be  interpreted  within  the 
framework  of  feature-specific  neural  channels  (Harter  et  al.,  1970; 
Harter,  1977;  Towle  et  al.,  in  prep.;  Harter  et  al . ,  in  prep.). 

The  continuously  presented  grating  is  presumed  to  activate  and 
saturate  those  feature  channels  selectively  sensitive  to  the  fea¬ 
tures  of  the  continuous  grating.  The  response  to  a  flashed  grating 
with  similar  features  would,  therefore,  be  suppressed  since  this 
response  would  be  mediated  by  the  saturated  channel.  The  response' 
to  a  flashed  grating  with  different  features  than  the  continuous 
grating  would  not  be  suppressed,  because  these  different  features 
would  be  processed  in  different  neural  channels.  The  interocular 
transfer  of  the  suppression  effects  indicates  they  are  mediated  by 
cortical  neural  channels. 

Two  findings  support  Campin'  1 1  and  Maffei’s  (1971)  suggestion 
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that  orientation  channels  may  precede  spatial  frequency  channels. 
First,  orientation-specific  suppression  was  greater  in  magnitude 
earlier  in  time  (100  msec  poststimulus)  than  size-specific  sup¬ 
pression.  And  second,  orientation-specific  suppression  was,  in 
part,  independent  of  sp>atial  frequency  or  bar  width.  Maffei  and 
Fiorentini  (1977)  have  propiosed  a  cortical  model  of  spatial  fre¬ 
quency  rows  and  orientation  columns  which  provides  one  possible 
explanation  of  the  difference  between  orientation  and  spatial  fre¬ 
quency  effects  obtained  in  Experiment  A. 

It  should  be  noted,  however,  that  Smith  and  Jeffreys  (1978) 
reported  that  the  Cl  (75  msec)  component  was  suppressed  by  both 
spatial  frequency  and  orientation.  This  may  bring  the  above  inter¬ 
pretation  into  question.  Their  study  differed  from  Experiment  A  in 
a  number  of  respects  in  that  they:  a)  used  a  masking  paradigm,  b) 
stimulated  different  portions  of  the  visual  field  and  recorded 
from  different  electrode  positions,  c)  did  not  compare  the  magnitude 
of  the  effects  of  spatial  frequency  and  orientation  on  Cl;  d)  re¬ 
ported  that  gratings  did  not  elicit  a  CII  component  (a  component 
comparable  to  the  100  msec  measure  in  Experiment  A) .  These  dif¬ 
ferences  make  it  difficult  to  compare  directly  the  spatial  frequency 
and  orientation  effects  in  the  two  studies. 

Selective  attention  to  a  grating  of  the  same  orientation  as  the 
flashed  grating  (9V  or  36V)  caused  an  increase  in  negativity  of  the 
VEP  to  the  9V  flashed  grating  between  100  and  150  msec  (N125) .  A 
number  of  factors  indicate  this  effect  might  reflect  the  modulation 
of  activity  in  orientation-specific  sensory  channels.  First,  the 
latency  and  polarity  of  N125  is  comparable  to  that  of  the  effects 
of  pattern  per  se  (Harter  and  Previc,  1978,  and  others).  Second 
the  continuous  orientation  suppression  in  Experiment  A  was  reflected 
in  increased  positivity  between  100  and  150  msec  poststimulus 
which  is  as  expected  since  suppression  effects  are  presumably  of 
opposite  polarity  as  the  facilitory  effect  due  to  selective  atten¬ 
tion.  Finally  it  is  unlikely  that  differential  states  of  preparation 
for  the  relevant  and  irrelevant  gratings  can  account  for  the  N125 
effect  since  these  gratings  were  presented  randomly.  The  N125  effect 
adds  to  previous  data  which  indicate  selective  attention  influences 
the  amplitude  of  sensory  VEPs  (Eason  et  al.,  1969;  Harter  and  Salmon, 
1972:  Van  Voorhis  and  Hillyard,  1977;  Harter  and  Previc,  1978).  It 
should  be  noted  that  this  N125  attention  effect  appears  to  be 
uniquely  related  to  attending  vertical  gratings. 

Late  VEP  Components  and  Cognitive  Processes 

The  negativity  peaking  at  about  250  msec  and  positivity  peaking 
at  about  350  msec  in  both  Experiments  A  and  B  may  be  attributed  to 
cognitive  processes  related  to  pier  forming  the  RT  task.  These  late 
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it  tint:.  have  not  boon  teported  in  previous  studios  ol  suppi  oss  ion 
where  tin-  sub  toots  won-  not  required  to  discriminate  stimuli  (Hat  tor 
ot  alt,  l‘)7b;  llattot,  l'>77  ;  Smith  and  dof  treys  107B;  Itartot  ot  al., 
in  prop.).  In  the  case  ot  Experiment  A  it  it;  not  oloar  just  wliat 
coqnitive  ptivossoii  miqht  aooount  tot  t  lio  oltatuio  it'  amplitudo  ot 
N.’ru'  and  IM‘,0.  Ttio  compononts  havo  Ivon  attributed  to  oithot  tat.k 
rolovanco  ot  subjective  probabi  1  i  t  ioti  ot  stimuli  (I'onchin  ot  al., 
it'  press)  .  Yot  tn  Experiment  B  thoso  processes  woto  not  applioablo 
stnoo  t ho  ovokitu)  'tv  qrat inq  was  always  task  tolovant  and  ot  t  tto 
samo  probability  (.'<)  as  t  ho  irrolovant  dittuso  flashes.  Visual 
inspect  ion  ot  the  raw  VEl’s  indicate  the  chanqos  in  N.’hO  amplitude 
cannot  bo  related  to  chanqes  in  latency  of  this  component  .  Most 
likely  thoso  lator  compononts  may  be  attributed  to  chanqes  in 
difficulty  in  performinq  the  choice  KT  task  duo  to  the  stippiossinq 
effect  of  the  continuous  stimulus. 


M’T'l.K'AT  IONS 

Preliminary  data  on  the  potential  applications  of  the  above 
procedures  may  bo  briefly  summarized  as  follows: 

1.  Estimation  of  perceptual  acuity.  Towle  and  Hartei  (1''77) 
reported  that  the  smallest  pattern  element  size  that  would  elicit 


Kiq.  4.  Example  of  how  differences  in  diffuse  and  pattern  VKl's  may 
lx-  used  to  estimate  visual  acuity.  The  smallest  dot -size  elicit inq 
a  pattern  VE’.P  was  l.V  and  was  the  smallest  dot-size  perceptible. 
Pata  from  Towle  and  Harter  (1*177). 
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SI  IMOLUS  PHI  SEN  If  0 
CONTINUOUSLY  TO 
TMf  HIGH!  EYt 


Fig-  5.  Example  of  interocular  suppression  of  VEPs  in  an  infant 
duo  to  the  presence  and  size  of  pattern  in  the  contraocularly 
presented  continuous  stimulus.  From  Odom  and  Harter  (in  prep.). 


a  pattern  VKF--the  VEP  pattern  threshold--was  highly  correlated 
(r=.89)  with  perceptual  measures  of  visual  acuity.  Perceptual 
acuity  could  ho  estimated  to  within  plus  or  minus  .29  decimal  units 
on  the  basis  of  VEPs  (Fig.  4).  Harter  et  al.  (1977a, b)  and  others 
(see  review  by  Dobson  and  Teller,  in  prep.)  have  used  pattern  VEPs 
to  estimate  visual  acuity  in  human  infants. 

2.  Estimation  of  binocularity  and  depth  perception  ability. 
Harter  et  al.  (1977c)  found  greater  size-specific  interocular 
suppression  of  VEPs  in  subjects  with  good  stereopsis  and  depth 
perception.  Odom  and  Harter  (in  prep.)  used  the  color  separation 
(anaglyphic)  mettiod  to  demonstrate  interocular  suppression  of  pat¬ 
tern  VEPs  in  human  infants  (20-112  days  of  age) (Fig.  5).  These 
results  indicate  human  infants  have  some  degree  of  binocular  vision. 

1.  VEP  selective  attention  effects  in  learning  disabled  chil¬ 
dren.  Musso  and  Harter  (in  press)  reported  that  the  effects  of 
selective  attention  on  VEP  amplitude  (N200  to  P300)  were  signifi¬ 
cantly  greater  in  reading  disabled  than  normal  children.  This 
finding  was  interpreted  as  indicating  reading  disabled  children  were 
compensating  for  a  deficit  in  processing  visual  information. 
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CONCLUSION 

The  studies  summarized  here  investigated  how  the  visual  system 
extracts,  processes  and  selects  relevant  features  from  the  visual 
image — specifically  the  features  of  simc  (spatial  frequency)  and 
orientation.  Two  types  of  paradigms  were  used  in  these  studies.  The 
first  isolated  feature-specific  sensory  channels  by  assessing  the 
effects  of  continuously  presented  suppressing  gratings  on  VEPs  to 
a  flashed  grating.  These  studies  demonstrated  interocular  suppression 
due  to  both  spatial  frequency  and  orientation.  This  suggests  that 
such  suppression  is  partially  mediated  by  binocular  cortical  channels. 
The  nature  of  feature-specific  suppression  of  the  early  VEP  compo¬ 
nents  (100-200  msec  poststimulus)  was  interpreted  as  indicating  that 
orientation  channels  may  be  activated  before  size  channels  and  are 
initially  independent  of  size  channels.  In  contrast,  spatial  fre¬ 
quency  and  orientation  effects  did  not  closely  parallel  the  behav¬ 
ioral  measure  of  suppression.  Suppression  of  the  later  components 
(200-400  msec  poststimulus)  indicated  size  and  orientation  effects 
were  approximately  the  same  magnitude,  were  interdependent  and  were 
related  to  the  behavioral  measure  of  suppression. 

The  second  experimental  paradigm  employed  was  designed  to  assess 
the  effects  of  selective  attention  to  a  particular  pattern  on  VEPs 
to  patterns  varying  orthogonally  in  size  and  orientation.  Of  par¬ 
ticular  interest  was  the  finding  that  an  early  component  (N125)  was 
influenced  by  selective  attention.  This  early  effect  could  reflect 
the  modulation  of  activity  in  orientation  channels  since  it  was 
orientation-specific.  Yet  since  it  was  to  reflected  in  VEPs  to  the 
36H  grating  when  it  was  selectively  attended,  the  origin  of  this 
component  is  uncertain.  The  effects  of  attention  on  later  compo¬ 
nents  (N250  and  P357)  (a)  were  specific  to  the  size  and  orientation 
of  the  relevant  grating,  (b)  were  greater  when  the  relevant  and 
flashed  grating  had  the  same  spatial  frequency  as  compared  to 
orientation  and  (c)  indicated  considerable  interdependence  of  the 
processing  of  size  and  orientation  as  did  the  behavioral  data.  The 
changes  in  the  later  components  appeared  to  reflect  differential 
processing  of  information  prior  to  initiation  of  the  motor  response 
but  did  not  appear  to  reflect  directly  the  modulation  of  activity 
in  the  earliest  feature-specific  sensory  channels. 

The  time  course  of  both  the  suppression  and  attention  effects 
upon  the  VEPs  reflected  a  temporal  progression  from  relative  inde¬ 
pendence  to  interdependence  of  spatial  frequency  and  orientation 
channels  (i.e.  ,  from  feature-specific  to  pattern-specific  process¬ 
ing)  . 


Preliminary  data  were  presented  reflecting  the  potential  appli¬ 
cation  of  these  VEP  measures  as  correlates  of  visual  acuity  and 
binocularity  in  adult  and  infant  subjects  and  as  correlates  of 
attentional  differences  in  reading  disabled  and  normal  children. 
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Visual  evoked  [vt  out  i  a  1  ■■  we  IC  used  to  invest iaate  t  lie  process- 
uv-i  ot  information  m  spat  ial  f  requoncy  and  oi  lent  at  von  channels. 
Inti  a-  ami  lnteroeulat  suppression  ot  early  VHP  component  s  (100-200 
msiv  post st imulus)  indicated  that  theie  ate  spatial  frequency  and 
or  lent  at  t  on  channels  amt  that  orientation  channels  ait1  activated 
Ivtote  spatial  frequency  channels,  Suppi  ess  ion  >'t  latet  VKI'  coin- 
1'onent  s  (200-400  msec  post st imulus)  indicated  an  additional  type  of 
channel  which  was  sj-.it  nil  1 1  oquency-  and  orient  at  ion-spec  1 1  to  ,  and 
which  appeared  t  o  mediate  t  lie  spec  1 1  l  c  i  t  v  ot  the  tvhuviotal  measuie 
v*t  suppi  ess  ion .  The  ettects  ot  selective  attention  to  a  nvven  .nat¬ 
ion  ('’ti  YKP  .imp l  i  t  iidtv;  were  s^vcil  ic  t  (>  t  he  si-e  and  orientation 
t  hi'  relevant  qratitui.  These  ettects  appeared  ti>  he  mediated  by 
the  modulat  ion  ot  activity  in  cottic.il  sensory  channels.  The  time 
ooutse  ot  both  t  tie  suppression  and  attention  effects  on  VKP  refleet- 
ed  a  proqressive  increase  in  t tie  specitii  ity  ot  informal  ion  channels 
-  from  foature-spovi  f  ic  to  pat  t  ein-npv  i  t  ic  -  up  to  that  point  in 
time  when  t  tie  lvhavior.il  tesponse  was  initiated. 
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MATURATION  AND  TASK  SPEC  IF  I  CITY  OF  CORTICAL  POTENTIALS  ASSOCIATED 


WITH  VISl'Al.  SCANNING 


Diane  Kurtzberg  and  Herbert  G.  Vaughan,  Jr. 

Rose  F.  Kennedy  Center  for  Research  in  Mental  Retarda¬ 
tion  and  Human  Development,  Albert  Einstein  College  of 
Medicine,  Bronx,  New  York 


INTRODUCTION 

During  normal  vision  the  world  is  continuously  scanned  by  a 
sequence  of  saccadic  eye  movements  that  shift  the  direction  of 
gaze  from  two  to  six  times  each  second.  When  viewing  a  stationary 
field,  perceptual  information  is  derived  from  the  retinal  images 
formed  during  fixational  causes.  Eye  position  during  fixation  de¬ 
termines  the  portion  of  the  visual  scene  that  is  available  for  pro¬ 
cessing  and  the  duration  of  each  fixation  defines  the  time  required 
for  processing  that  information  before  the  next  saccade.  Thus,  the 
recording  of  eye  movements  provides  an  objective  behavioral  index 
of  visual  processing.  Since  visual  scanning  behavior  is  observed 
in  the  alert  human  subject  from  birth,  oculomotor  behavior  provides 
a  unique  index  of  visual  processing  that  can  be  observed  throughout 
life. 


It  lias  been  shown,  both  in  free  scanning  and  in  controlled 
visual  search  tasks,  that  fixation  duration  (or  intersaccade  in¬ 
terval*)  increases  with  field  and  task  complexity  (e.g.,  Gould  and 
Schaffer,  1967;  Gould  and  Peeples,  1970).  Mean  fixation  duration 
also  varies  with  age,  progressively  decreasing  during  childhood. 
There  is  a  differential  effect  of  task  variables  on  these  matura- 
tional  changes,  with  the  adult  fixation  duration  being  achieved  by 
six  years  for  picture  scanning  (Mackworth  and  Bruner,  1970) ,  but 
not  until  12-14  years  of  age  for  reading  and  numerical  processing 


*5%  or  less  of  visual  scanning  time  is  occupied  by  saccades,  so 
that  measurement  of  intersaccade  interval  provides  a  close  approxi¬ 
mation  to  fixation  duration. 
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U'liU'i'it,  1~*S3).  Thus,  visujl  I'Io.i'Ssuk)  time  us  indexed  by  mea¬ 
surement  o!  intersaccade  interval  shows,  both  maturat ional  and  task 
related  variations  that  can  in  part  be  related  to  efficiency  of 
visual  information  processing. 

Recordings  of  brain  potentials  concurrent  with  visual  scanning 
provide  a  direct  probe  of  the  cortical  mechanisms  underlying  vision. 
By  averaging  cortical  activity  in  synchrony  with  saccades ,  eye  move¬ 
ment  potentials  (EMP)  are  recorded  that  both  precede  and  follow  the 
eye  movements.  The  antecedent  potentials  consist  ol  activity  that 
begins  approx imat ely  200  msec  before  eye  movement  onset,  culminating 
in  a  sharp  positive  deflection  that  peaks  during  tire  saccade.  These 
potentials  are  maximum  in  amplitude  ovei  the  posterior  parietal  and 
posterior  frontal  regions  and  are  presumably  implicated  in  the  pro¬ 
gramming  and  initiation  of  saccades.  The  potentials  that  follow  the 
eye  movements,  designated  the  lambda  complex,  are  largest  over  the 
occi[  ital  region  and  vary  in  morphology  and  timing  as  a  function  of 
field  characteristics  and  eye  movement  size.  As  the  amplitude  and 
duration  of  voluntary  saccades  are  progressively  increased,  distinct 
components  that  are  temporally  related  to  saccade  onset  and  to  the 
subsequent  fixational  pause,  become  increasingly  differentiated. 

For  eye  movements  less  than  10°  in  amplitude,  however,  the  lambda 
complex  comprises  a  composite  of  overlapping  saccadic  and  fixational 
components  (Kurtzberg  and  Vaughan,  1977). 

The  recording  of  eye  movements  and  the  associated  EMP  during 
visual  scanning  provide  behavioral  and  electrophysiologic  indices 
of  visual  processing  that  could  provide  valuable  informat  ion  on 
normal  and  deviant  perceptual  and  cognitive  development.  In  order 
to  assess  the  potential  value  of  these  methods  in  developmental 
studies  of  vision,  we  have  surveyed  the  maturat ional  changes  in  EMP 
and  fixation  duration  from  birth  to  adulthood  and  have  examined  task 
related  differences  in  these  measures  in  school-age  children  and 
adults . 


METHODS 


Subjects 

Thirty  infants  ranging  from  34  weeks  post-conception  to  10 
months  of  ago,  ten  children  4  to  lb  years  of  age  and  eight  adults 
from  20  to  48  years  were  studied.  All  of  the  children  and  adults 
were  right  handed. 


Visual  Rt  tmul 1 


The  scanning  targets  differed  with  the  age  of  the  subject. 
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For  preterm,  newborn,  and  young  infants,  the  targets  were  black 
and  white  patterns  (e.g.,  bullseye,  schematic  face)  which  elicit 
robust  scanning  behavior.  Older  infants  were  shown  simple  colorful 
pictures  of  animals  mounted  on  a  white  background. 

For  preschool  children,  oictures  were  taken  from  children's 
books  that  depicted  events  in  the  schoolroom,  at  a  train  station, 
at  the  circus,  etc.  All  of  these  materials  subtended  a  total 
visual  angle  of  30-40  . 

School-age  children  and  adults  were  presented  with  three  kinds 
of  visual  stimuli:  1)  museum  reproductions  of  paintings:  this 
condition  was  analogous  to  the  target  and  picture  scanning  of  the 
younger  children.  2)  pencil  mazes;  this  was  considered  to  be  a 
non-verbal,  purely  spatial  task.  3)  reading  selections  taken  from 
the  Houghton-Mi f f lin  reading  program;  children  were  given  selec¬ 
tions  to  read  from  their  grade  level  and  from  lower  and  higher 
grades  a?  well;  adults  were  given  selections  from  6  grade  levels 
(2,  4,  6,  7,  8,  9).  These  stimuli  subtended  visual  angles  between 
20  and  40°. 


Recording  Procedures 

EEG  was  recorded  from  electrodes  placed  at  01,2;  T5,6;  P3,4; 

C3,4;  and  F3,4  referred  to  the  linked  ears.  Horizontal  and  ver¬ 
tical  EOG  were  recorded  from  electrodes  placed  at  the  outer  canthi 
of  both  eyes,  and  above  and  below  the  orbit  of  one  eye.  EEG  and 
EOG  were  recorded  on  a  Model  6,  Grass  EEG  machine,  with  system 
gain  of  10K  and  frequency  response  down  3dB  at  1  and  70  Hz.  The 
electrophysiologic  signals  were  recorded  on  a  14-track  FM  tape  re¬ 
corder. 


Data  Analysis 

The  data  were  digitized  off-line  by  a  Nicolet  Med  80  computer 
programmed  to  average  from  the  onset  of  each  saccade  over  a  speci¬ 
fied  epoch  before  and  after  each  eye  movement.  The  computer  was 
set  to  reject  epochs  in  which  potentials  exceeded  a  designated 
voltage  so  as  to  exclude  blinks  and  other  artifacts  from  the  aver¬ 
aged  EMP.  EMP  were  averaged  for  each  task  separately  and  contained 
a  minimum  of  150  epochs.  The  averaged  EMP  were  written  out  on  an 
XY  plotter.  Peaks  were  identified  visually  and  designated  by  po¬ 
larity  and  peak  latency.  The  duration  of  the  principal  lambda  po¬ 
tential  was  also  measured.  This  component  was  usually  clearly  de¬ 
fined  in  the  occipital  recordings  either  by  a  sharp  departure  and 
return  to  the  baseline  or  by  small  negative  peaks  that  preceded 
and  followed  it. 
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Intersaccade  interval  distributions  for  each  task  were  obtained 
by  measurements  taken  directly  from  the  paper  record.  Intervals 
bounded  by  or  interrupted  by  blinks  or  other  artifacts  were  rejected. 
Mean  intersaccade  intervals  were  calculated  and  intersaccade  inter¬ 
val  histograms  were  constructed  for  each  scanning  task. 


RESULTS 


Maturation  of  Eye  Movement  Potentials 

In  the  normal  full  term  infant,  brain  potentials  associated 
with  the  scanning  of  patterns  precede  and  follow  the  eye  movements 
(Figure  1A) .  The  lambda  response  consists  of  a  relatively  simple 
positive  wave  most  prominent  over  the  occipital  region,  with  mean 
peak  latency  from  eye  movement  onset  of  279  _+  60  msec  and  a  mean 
duration  of  259  +  82  msec.  The  individual  differences  in  the  tem¬ 
poral  characteristics  of  the  lambda  response  are  paralleled  by 
variations  in  mean  intersaccade  interval.  Mean  intersaccade  inter¬ 
val  for  these  infants  is  504  +  65  msec.  Pairwise  correlation  be¬ 
tween  lambda  duration  and  mean  intersaccade  interval  across  infants 
is  .87  (p<.005),  indicating  a  close  relationship  between  the  be¬ 
havioral  and  electrophysiological  indices  of  visual  processing  time. 

In  premature  infants,  scanning  of  black  and  white  targets  was 
observed  as  early  as  34  weeks  post-conceptional  age  (i.e.,  2  months 
before  term).  In  these  babies,  the  periods  of  active  scanning  are 
brief  and  the  associated  cortical  potentials  are  often  poorly  de¬ 
fined.  As  infants  approach  term  (i.e.,  40  weeks  post-conceptional 
age) ,  scanning  behavior  is  more  consistently  elicited.  The  eye 
movement  potentials  of  the  premature  infants  at  term  display  simi¬ 
lar  morphology  to  that  recorded  from  the  full  term  infant  but  dif¬ 
fer  in  the  temporal  characteristics  of  the  lambda  response.  The 
mean  peak  latency  of  the  lambda  wave  in  the  preterm  infants  is  437 
+  135  msec,  and  lambda  duration  is  353  +  177  msec.  The  mean  inter¬ 
saccade  interval  for  the  group  is  530  +  74  msec.  All  of  these  mea¬ 
sures  of  visual  processing  time  are  longer  in  the  premature  infant 
at  40  weeks  than  the  full  term  baby  at  the  same  age.  The  correla¬ 
tion  between  mean  intersaccade  interval  and  lambda  duration,  .73 
(p<.025),  is  somewhat  lower  than  in  the  full  term  infants. 

During  the  first  four  to  six  months  of  life,  the  lambda  poten¬ 
tial  is  similar  in  waveform  to  that  of  the  newborn  (Figure  16,  IB) 
but  the  large  positive  component  peaks  at  progressively  shorter 
latencies,  being  reduced  to  200  msec  by  six  months  of  age.  Around 
this  time,  the  potentials  become  more  complex  (Figure  1C)  and  except 
for  a  systematic  decrease  in  latency  with  age,  are  similar  in  wave- 


EP  INDICANTS  OF  INFORMATION  PROCESSING 


189 


axA^ 


Newborn 


B 


4  Months 


c 


7  Months 


D 


5  Yeors 


E 


11  Years 


F 


Adult 


Figure  1.  Eye  movement  potentials  associated  with  pattern  or  pic¬ 
ture  scanning  in  (A)  a  newborn  (N=225) ;  (B)  4  month  old  (N=400) ; 

(C)  7  month  old  (N=260)  ;  (D)  5  year  old  (N=384) ;  (E)  11  year  old 

(N=185) ;  and  (F)  adult  (N=242) .  Dotted  line  indicates  eye  move¬ 
ment  onset.  Recording  site:  occipital.  Calibration:  10  uV  for 
A-E  and  5  uV  for  F;  200  msec.  Note  the  progressively  shorter  peak 
latency  of  the  prominent  positive  lambda  potential  with  maturation. 


shape  to  the  potentials  associated  with  picture  scanning  in  chil¬ 
dren  and  adults  (Figure  ID,  E  and  F) .  The  lambda  complex  comprises 
a  small  negativity  at  20-30  msec  followed  by  a  series  of  small  and 
variable  positive  wavelets  at  35-80  msec  seen  at  these  latencies 
both  in  children  and  adults.  There  is  however,  a  decrease  in  la¬ 
tency  of  the  later  components  from  children  to  adults.  A  negative 
wave  peaks  at  a  mean  latency  of  89  +_  15  msec  for  the  children  and 
79  +_  14  msec  for  the  adults  and  is  followed  by  a  positivity  at 
141  24  msec  (children)  and  121  +  11  msec  (adults).  These  nega¬ 

tive  and  positive  components  are  the  largest  and  most  consistent 
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portions  of  the  lambda  complex  during  picture  scanning.  Later  com¬ 
ponents  are  smaller  and  more  variable:  a  negativity  peaking  at 
25b  +  76  msec  (children)  and  186  +  20  msec  (adults)  ,  followed  by  a 
positive  wave  at  403  +  59  msec  (children)  and  239  +_  13  msec  (adults)  . 

The  duration  of  the  main  positive  wave  of  the  lambda  complex 
differs  substantially  between  the  children  and  adults,  being  201  + 

59  msec  in  children  and  108  +  17  msec  in  adults. 

Although  the  mean  intersaccade  interval  is  substantially  re¬ 
duced  in  children  and  adults  as  compared  to  the  values  observed  in 
the  infant  subjects,  the  relation  of  lambda  response  latency  and 
duration  to  mean  intersaccade  interval  differs  across  these  age 
groups.  Whereas  the  lambda  wave  duration  is  reduced  by  an  average 
value  of  58  msec  between  the  infants  and  children  and  a  further  93 
msec  between  the  children  and  adults,  the  mean  intersaccade  inter¬ 
val  diminishes  220  msec  from  infants  to  children  (504  to  284  +_  28 
msec)  ,  but  the  adult  mean  intersaccade  interval  (298  _+  31  msec) 
does  not  change  significantly  from  the  children's  value.  Despite 
this  discrepancy  across  age  groups,  the  correlations  between  lambda 
duration  within  each  group  remains  fairly  high,  .78  (p<.005)  for 
children  and  .68  (p<.05)  for  adults.  These  findings  indicate  that 
the  duration  of  the  occipital  lambda  wave,  while  related  to  pro¬ 
cessing  time  as  indexed  by  the  mean  intersaccade  interval ,  does  not 
fully  depict  the  mechanisms  underlying  the  determination  of  fixation 
duration. 

The  foregoing  description  of  maturational  changes  applies  to 
the  occipital  lambda  response.  EMP  are  also  recorded  over  other 
portions  of  the  scalp,  usually  at  lower  amplitude  and  most  con¬ 
sistently  in  the  posterior  temporal  and  parietal  regions  (Figure  2) . 
Some  of  the  temporoparietal  activity  possesses  the  same  latency  and 
waveshape  as  the  occipital  response  but  is  generally  smaller.  These 
potentials  are  considered  to  be  volume  conducted  from  the  occipital 
cortex.  Other  activity  is  seen  at  longer  latencies  than  the  cor¬ 
responding  occipital  components.  Distinct  differences  in  the  timing 
of  temporal  and  parietal  potentials  are  seen  principally  in  com¬ 
ponents  that  peak  more  than  80  msec  after  eye  movement  onset  and 
the  largest  difference  is  in  the  main  positive  wave  that  peaks  be¬ 
tween  125  and  200  msec  in  the  children  and  adults  and  the  negativity 
that  follows  it  between  200  and  300  msec.  During  the  first  few 
months  of  life,  distinct  temporoparietal  potentials  are  inconstant. 
After  six  months,  however,  prolonged  posterior  temporal  potentials 
become  evident  that  are  also  prominent  in  the  younger  children. 

Most  of  the  school-age  children  and  adults  show  a  sequence  of  temporal 
and  parietal  potentials  that  differ  in  latency  from  the  occipital 
lambda  response.  In  children  and  adults,  the  largest  positive  lambda 
component  is  50  msec  longer  in  latency  in  the  temporal  region  on  the 
average,  than  in  the  occipital  region.  The  parietal  positive  wave 
lags  the  occipital  by  an  average  of  only  10  msec. 
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children  .\nvl  adults  dittoi  in  mot  pholouy  .uni  temivral  chat  not  et- 
istics  liv'iii  those  l  eoot  vli'it  vim  in*i  p  ict  in  e  scanuitut.  Typical  wave¬ 
forms  for  the  re.ulinq  and  mn  .•  e  conditions  recorded  liv'iii  the  1  iuht 
and  loft  occ  i(  i  t  ,i  I  an.1  tempotnl  electrodes  aie  depicted  in  Pi auto 
1  fot  one  suhieet.  It  vmii  he  seen  tli.it  there  ,n  e  .1  i  t  Terences  in 
the  timiim  ol  hot  h  the  occipit.tl  .nni  tetvtpotal  lambda  component s 
in  the  two  tasks.  In  ueneral,  the  .'ompoiient  s  ate  lonuet  is  dura- 
tion  or  latency  in  the  nia.-e  task  .is  compared  to  tendin.i.  I'he  peak 
latencies  of  the  mv  i  i  t  a  1  and  tempoial  lambda  component  s  ate  siimina 
ri/.ed  in  Table  1.  Patency  dit  Terences  between  occipital  and  pot  total 
components  are  small.  In  each  condition,  latencies  toi  all  but  the 
first  two  lambda  components  ate  lonuet  in  childten  than  in  adults. 
With  only  one  except  ion,  the  lot  onoies  are  utentet  t  oi  pictuie  s.  an 
"invj  vin.l  maze  tracino  than  tot  toadittu.  Occipital  lambda  wave  dm  a 
tion  also  manifests  similai  chntnjes,  be  inn  btietei  in  the  adult-,  tot 
all  conditions  and  shortest  fot  te.ivlui.t  in  both  one  utoups.  inlet 
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figure  I.  fye  movement  |H>t  (’lit  i  a  1  s  associat  i'ii  with  nu;.i'  tracing 
LN  290)  and  leading  (N  4421  recorded  t  tom  an  LI  yoai  old  chi  Id. 

Oil  1  ibt.it  ion :  It'  uV,  200  msec.  Not  o  t  he  short ei  latencies  ot  the 
I'ot  cut  i  .i  L:i  jMstx'  i  ated  with  reading  compared  with  t  lioso  t  mu  ded 
villi  inq  ma/.e  fi.ieing  and  tho  i  flat  iw  amp  1  1 1  ude  d  i  I  t  t'l  cnees  between 
tho  oivipital  and  temporal  t'l  not  lotto  paiis  tor  tho  two  tasks. 


saaoado  intervals  show  similai  clients  ot  task,  hut  aio  ossontially 
tht'  samo  within  oaoli  task  across  aqo  groups.  It  should  ho  rooullod 
that  t  hi  '•  rotiuot  ion  in  lambda  wave  tiur.it  ion  without  a  cot  rosi'oudi  nq 
dt-oroaso  in  int ersaccade  interval  was  .list'  found  between  the  elti  ldren 
and  adults  in  pieture  scanning.  In  that  eondition,  howevei  ,  the  cot  - 
relations  between  lambda  duration  ami  i liter saccade  interval  within 
eaeli  aqt'  group  were  substantial,  l  .70  for  children  and  i  .ht'  toi 
adults.  In  read  imi  the  correlations  were  smaller,  .’'I  in  children 
and  .42  in  adults.  No  rel.it  ionship  between  occipital  lambda  dura¬ 
tion  and  int  ersaccade  interval  was  found  (r  tot  children  and 

i  .  1 1  for  adults)  in  the  maw  truoiuq  tasks.  It  appears; ,  therefore, 
that  the  occipital  lambda  duration  is  most  closely  related  to  m 
t  ersaccade  interval  in  picture  scantling.  The  potentials  toootdod 
in  the  t empoi a  1  region  appeal  to  show  a  relationship  to  fixation 
duration  in  reading  and  mare  t racing  inasmuch  as  the  mean  ditfer- 
oncos  in  int ersaccade  interval  between  these  tasks  ate  similai  t o 
the  differences  in  mean  peak  latency  of  the  late  positive  temporal 
lambda  components.  furthermore,  in  leading  the  int taut oup  eoi rela¬ 
tions  between  the  temiior.il  lambda  peak  latency  and  int  ersaccade 
interval  are  substantial,  being  .  ’h  (p-  ,00ri)  foi  childion  and  .  bh 
(p*  ,i'OM  for  adults.  Ilowevet  ,  the  eoirelat  ions  tor  mare  tracing 
are  relatively  low:  .It'  for  children  and  .48  tot  adults.  The 
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only  significant  correlation  between  parietal  lambda  peak  latency 
and  intersaccade  interval,  i  .t>8  (p--.005),  was  found  in  the  adult 
subjects  during  reading. 

In  order  to  assess  possible  interhemispheral  differences  in 
amplitude  of  the  lambda  response  in  relation  to  the  verbal  or  non¬ 
verbal  nature  of  the  visual  task,  amplitude  ratios  for  the  main 
p'ositive  lambda  component  were  computed  between  homologous  electrode 
pairs  in  each  stimulus  condition.  There  was  a  small  mean  right 
hem i spheral  amplitude  preponderance  for  the  maze  task  in  the  occip¬ 
ital,  posterior  temporal  and  parietal  lambda  for  both  children  and 
adults.  Among  the  fifteen  individual  subjects  for  whom  interhemi¬ 
spheral  ratios  were  calculated,  ten  manifest  a  right  sided  lambda 
preponderance  at  the  occipit.il  and  parietal  sites  and  nine  at  the 
posterior  temporal.  Two  subjects  at  the  parietal  and  one  at  the 
occipital  and  temporal  electrodes  show  no  interhemispheral  asymmetry, 
whereas  the  remaining  subjects  have  responses  that  are  larger  on  the 
left  side.  During  reading,  by  contrast,  ten  subjects  show  a  left 
occipital  preponderance ,  thirteen  a  left  temporal’  preponderance, 
but  only  in  eight  is  the  left  parietal  response  larger  than  the 
right.  A  particularly  instructive  comparison  between  the  tasks 
is  depicted  in  Figure  4. 
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Figure  4.  S> atterplots  depicting  the  right- left  ratios  of  lambda 
potential  amplitude  for  the  occipital,  temporal  and  parietal 
electrode  pairs  in  maze  tracing  and  reading.  The  dotted  lines 
represent  ratios  ot  1  which  indicate  no  amplitude  asymmetry. 

Points  to  the  left  of  1.0  on  the  abscissa  represent  subjects  who 
displayed  a  left-sided  predominance  during  reading.  Points  above 
1.0  on  the  ordinate  are  subjects  who  showed  a  right-sided  prepon¬ 
derance  for  maze  tracing.  The  diagonal  line  represents  equal  in- 
t erhemi spheral  ratios  for  each  task.  Points  above  and  to  the  left 
indicate  a  lett-sidod  shift  in  amplitude  for  reading  compared  with 
maze  tracing;  below  the  line,  a  right-sided  shift. 
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In  the  graph,  the  subjects  who  manifest  a  shift  toward  ampli¬ 
tude  ratios  favoring  the  left  hemisphere  for  reading  as  contrasted 
to  maze  tracing,  appear  above  and  to  the  left  of  the  diagonal.  At 
the  occipital  electrode,  only  one  subject ,  a  six  year  old  child, 
fails  to  show  change  in  amplitude  ratio  favoring  the  left  hemisphere 
during  reading.  At  the  temporal  site,  the  three  youngest  subjects 
shift  toward  the  right,  an  eight  year  old  shows  no  shift,  whereas 
the  children  over  eight  years  of  age  and  all  of  the  adults  shift 
toward  the  left.  The  amplitude  ratios  at  the  parietal  location 
also  shift  to  the  left  during  reading  in  eleven  of  fiteen  subjects. 
Here,  however,  two  adults  and  one  child  show  a  right  sided  shift  and 
one  child  shows  no  task  related  shift.  These  data,  therefore,  show 
a  strong  tendency  for  the  occipital  and  parietal  lambda  response 
amplitude  to  manifest  a  relative  amplitude  increase  in  the  dominant 
hemisphere  during  reading  in  comparison  with  a  non-verbal  task.  A 
similar  shift  is  seen  over  the  posterior  temporal  region,  but  this 
is  age  related,  with  only  the  adults  and  older  children  manifesting 
the  tendency  toward  relative  increase  in  left  hemispheral  activity. 

DISCUSSION 

Before  commenting  on  these  findings,  attention  must  be  drawn 
to  the  unique  features  of  the  EMP  associated  with  active  scanning. 
Alone  among  the  various  event  related  cerebral  potentials,  these 
EMP  index  cortical  processes  that  reflect  the  active  exploration 
of  the  environment  by  the  subject.  In  contrast  to  the  repetitive 
presentation  of  brief  stimuli  required  in  conventional  evoked  po¬ 
tential  recording,  the  changes  in  visual  input  required  to  elicit 
brain  responses  are  produced  by  the  saccadic  shifts  in  eye  position 
actively  generated  by  tin'  subject  as  he  processes  the  informat  ion 
contained  in  a  given  visual  scene.  Although  the  saccadic  system 
is  partially  under  volitional  control,  the  eye  movements  of  active 
scanning  are  largely  involuntary,  being  defined  jointly  by  the 
nature  of  the  visual  field  and  the  cognitive  requirements  of  the 
viewer.  With  the  sole  exception  of  the  rapid  eye  movements  of 
paradoxical  sleep,  saccadic  scanning  occurs  only  in  alert  subjects 
presented  with  a  patterned  visual  stimulus  focused  on  the  retina. 
Under  those  conditions  scanning  appears  to  be  virtually  obligatory, 
a  fact  that  permits  EMP  to  be  sttudied  in  infants,  young  children 
and  others  who  may  be  incapable  of  making  reliable  behavioral  re¬ 
sponses  to  significant  stimuli.  The  occurrence  of  scanning  behavior 
implies  that  visual  information  is  being  processed  to  the  extent 
required  to  program  the  sequence  of  fixations  and  saccades. 

It  is  important  to  recognized  that  the  visual  processing  during 
a  given  fixation  necessarily  occupies  only  the  time  required  to 
transmit  and  extract  information  needed  to  program  the  following 
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saccadic  vector.  This  may  not  correspond  to  the  total  amount  of 
time  during  which  information  of  cognitive  significance  is  derived 
horn  that  fixational  input.  Thus,  brain  activity  related  to  cogni- 
tive  processing  of  the  visual  input  might  continue  after  the  initia¬ 
tion  of  the  succeeding  saccade.  An  analogous  situation  is  found 
with  event  related  potentials  recorded  during  discriminative  tasks 
that  require  a  motor  response.  Often,  the  response  precedes  tin’ 
late  KRP  components  that  are  presumed  to  reflect  some  aspect  of 
cognitive  processing  (Kittei  et  al.,  1972).  Despite  the  possibil¬ 
ity  that  cortical  processing  of  input  from  each  fixation  might  out¬ 
last  the  f  ix.it  tonal  pause,  the  maioi  lambda  response  components 
were  all  shorter  in  latency  than  the  mean  intersaccade  interval. 

This  is  consistent  with  the  supposition  that  processing  of  informa- 
t  ion  derived  from  each  fixation  is  essentially  completed  before  the 
next  saccade  is  generated. 

One  objective  of  the  present  study  was  to  evaluate  the  extent 
to  which  intersaccade  interval  is  correlated  with  the  timing  of  EMF 
components.  Since  it  has  been  shown  that  the  EMF  comprises  several 
components,  some  associated  with  saccade  onset  and  others  with  on¬ 
set  of  fixation  (Kurt chero  and  Vaughan,  1977),  it  was  anticipated 
that  the  timing  of  some  portions  of  the  EMF  would  not  be  related 
to  fixation  duration.  Furthermore,  variations  in  the  nature  of 
the  visual  processing  requirements  would  be  expected  not  only  to 
affect  processing  time,  but  should  engage  different  cerebral  mech¬ 
anisms,  so  that  associated  variations  in  EMF  configuration  and  topo¬ 
graphy  are  to  be  anticipated. 

It  is  noteworthy  that  newborn  infants  who  manifested  the  sim¬ 
plest  lambda  response,  a  single  positive  wave,  showed  the  highest 
correlation  between  mean  intersaccade  interval  and  lambda  duration. 
The  st  rength  of  the  relat ion  between  mean  intersaccade  interval  and 
occipital  lambda  duration  in  picture  scanning  diminished  somewhat 
in  children  and  adults  whose  potentials  manifested  greatei  spatial 
and  temporal  complexity  than  the  newborns.  Yet,  even  in  adults 
the  duration  of  the  main  occipital  peak  accounted  for  approximately 
r>0t  of  the  variance  in  mean  intersaccade  interval  across  subjects. 

It  seems  reasonable  to  conclude,  therefore,  that  the  neural  pro¬ 
cesses  reflected  in  the  principal  occipital  lambda  component  may  be 
involved  in  determining  the  duration  of  fixation  during  picture 
scanning. 

It  is  also  likely  that  the  maturational  decrease  in  both  inter¬ 
saccade  interval  and  lambda  wave  duration  reflects  increasing  ef¬ 
ficiency  of  visual  processing  with  age.  It  is  of  interest  that 
within  each  age  group  there  was  a  considerable  spread  in  the  measures 
of  visual  processing  time,  indicative  of  substantial  individual 
differences  in  efficiency  of  visual  processing.  The  study  of  in¬ 
dividual  differences  in  visual  scanning  and  EMF  may  prove  of  con- 
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sideiable  value,  not  only  tot  invest  igat  ing  variations  in  visual 
l>rw'cssiiH|  in  normal  subjects,  but  also  tot  detecting  ami  probing 
tlto  mivlunisms  of  deviant  visual  processing  in  infants  and  children. 

In  the  piosont  investigation  we  found  that  premature  infants 
often  manifested  prolonged  cortical  lambda  potentials  and  mean 
inter  saccade  intervals  .it  40  weeks  concept  ion  a  l  age ,  in  comparison 
with  normal  full  term  newborns.  In  view  ot  the  fact  that  a  numbet 
of  these  infants  also  have  impaired  visual  orienting  bohuviot 
(Kurtcborg  ot  al.,  submitted  tot  publ  icat  i  on)  ,  analysis  of  the 
maturation  of  visual  scanning  in  infants  at  iisk  for  deviant  neuro- 
t'ehav  tot  a  I  development  may  provide  a  useful  tool  lot  eat  ly  detec¬ 
tion  of  highet  visual  processing  disorders. 

1'he  functional  correlates  ot  task-related  differences  in  lambda 
tesponse  morphology  and  topography  remain  to  be  established,  but  the 
ptesetit  study  provides  some  tontat  ive  indications.  The  high  eorto- 
lat ion  between  occipital  lambda  duration  and  inlet  saccade  interval 
m  all  age  groups  during  picture  scanning,  and  the  relatively  low 
correlations  at  the  occipital  site  foi  reading  and  mace  tracing, 
suggest  that  the  neural  processes  related  to  control  ot  fixation 
duration  are  reflected  in  the  occipital  response  only  for  picture 
scanning.  Heading,  however,  is  associated  with  enhanced  temporal 
and  parietal  lambda  responses  that  manifest  a  moderately  high 
correlation  between  t he  i  t  timing  ami  the  mean  intei saecjde  interval. 

It  seems  reasonable  to  conclude  that  these  temporopar iet al  poten¬ 
tials  index  some  aspect  of  the  information  processing  specific  to 
this  task.  Only  mace  tracing  failed  to  show  significant  correlations 
between  the  behavioral  and  elect rophysiologi o  indices  of  processing 
time  at  any  of  the  electrode  sites.  Thus,  cortical  potentials 
specifically  related  to  rhe  control  of  fixation  duration  remain  to 
be  identified  in  the  latter  task. 

Despite  this  failure  to  detect  activity  related  to  fixation 
duration  in  the  spatial  task,  the  analyses  of  int erhemisphe t a  1 
differences  between  leading  and  mace  tracing  revealed  rathei  con¬ 
sistent  asymmetries  in  relative  lambda  amplitude  that  conformed 
to  the  presumptive  lateral  special i cat  ion  for  verbal  versus  non¬ 
verbal  processing.  Those  findings  encourage  the  use  ot  KMP  re¬ 
cording  in  tin'  investigation  of  lateral  spec  i  a  l  i  cat  ion  of  coitical 
visual  mechanisms.  The  study  of  children  with  development al  dyslexia 
and  othet  learning  disorders  may  also  bo  a  fruitful  application  ot 
these  methods. 

These  developmental  studies  of  KMP  during  act ive  visual  scan 
n  in*}  are  still  in  progress,  inoorpor.it  ing  improvements  designed  to 
enhance  the  spatial  and  temporal  resolution  ot  individual  components 
that  may  reflect  specific  aspects  of  visual  processing  mechanisms. 

It  is  anticipated  that  these  i  lives  t  i  gat  i  ons  will  yield  useful 
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information  on  cortical  processes  associated  with  normal  and 
deviant  perceptual  and  cognitive  development. 


SUMMARY 

KMP  associated  with  scanning  of  patterns  in  infants  below  four 
to  six  to  six  months  of  age  are  rather  simple,  with  a  single 
positive  occipital  lambda  wave  predominating.  Around  six  months 
the  occipital  lambda  potentials  become  more  complex  in  form.  Tem¬ 
poral  and  parietal  components  emerge  that  are  dist inguishable  from 
the  occipital  potentials  on  the  basis  of  differences  in  waveshape 
and  timing.  After  six  months,  the  waveform  of  the  lambda  complex 
undergoes  little  change  except  for  systematic  decreases  in  latency 
during  childhood.  There  is  a  significant  relation  between  the  mean 
intersaccade  interval  and  the  oceipiital  lambda  duration  for  indi¬ 
vidual  subjects  within  each  age  group>,  with  correlations  of  .87 
for  full  term  infants,  .78  for  children  and  .68  for  adults. 

Visual  scanning  and  the  associated  KM1’  are  influenced  by  both  the 
characteristics  of  the  visual  field  and  the  nature  of  cognitive 
processing  requirements,  intersaccade  intervals  increasing  with 
field  and  task  complexity.  EMP  recorded  in  school  age  children 
and  adults  during  reading  and  the  performance  of  non-verbal  spatial 
tasks,  manifest  characteristic  differences  in  timing  and  topograp>hy 
as  a  function  of  stimulus  and  task  variables.  The  potentials  re¬ 
corded  during  reading  are  shorter  in  duration  than  those  associated 
with  non-verbal  tasks  in  both  children  and  adults.  It  also  appears 
that  differences  in  visual  processing  may  be  reflected  in  differ¬ 
ential  topographic  features,  especially  in  the  later  lambda  com¬ 
ponents.  There  is  a  relative  left-sided  preponderance  in  lambda 
amplitude  during  reading  as  compared  to  a  non-verbal  task  in  right- 
handed  subjects.  This  left  preponderance  is  most  marked  in  the 
posterior  temporal  region  of  adults,  whereas  the  children's 
lateralization  is  more  consistent  in  the  occipital  recordings. 
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MULTICHANNEL  MAPPING  OF  SPATIAL  DISTRIBUTIONS  OF  SCALP  POTENTIAL 
FIELDS  EVOKED  BY  CHECKERBOARD  REVERSAL  TO  DIFFERENT  RETINAL  AREAS 


D.  Lehmann  and  W.  Skrandies 

Deparment  of  Neurology,  University  Hospitals 
Zurich,  Switzerland 


This  paper  will  examine  the  components  of  potentials  evoked  by 
checkerboard  reversal.  The  components  will  be  defined  in  terms  of 
latency  and  scalp  location,  and  we  will  show  changes  of  components 
as  a  function  of  retinal  stimulus  site.  A  considerable  problem  in 
conventional  evoked  potential  assessment  is  the  different  poten¬ 
tial  waveshapes  which  are  recorded  from  different  electrode  sites 
on  the  head  (see  Fig.  1).  In  addition,  waveshapes  at  given  elec¬ 
trode  sites  may  change  when  a  different  reference  is  used.  An 
example  is  shown  in  Fig.  1  where  a  set  of  simultaneously  recorded 
evoked  potential  data  from  forty-seven  electrodes  is  illustrated 
as  waveforms  using  two  different  reference  points,  the  mean  of  the 
ears  or  an  anterior  midline  electrode  (Fig.  1A  and  B) .  Of  course, 
any  one  of  the  forty-seven  channels  could  have  been  used  as  a 
reference,  creating  an  immense  number  of  different  waveshapes  out 
of  the  same  data  set. 

However,  this  data  set  can  easily  be  reviewed  when  it  is  pre¬ 
sented  in  the  simple  form  of  a  sequence  of  equipotential  line  maps 
which  illustrate  the  distribution  of  the  evoked  scalp  field  at 
different  times  after  the  stimulus  onset.  Fig.  2  gives  examples 
constructed  from  the  same  data  as  Fig.  1.  The  maximal  response 
(i.e.,  the  maximal  voltage  within  the  field)  can  be  located  in  the 
maps  quite  easily.  The  structure  of  the  field  distributions,  and 
thus  the  locations  of  maximal  field  values,  is  independent  of  a 
reference  point;  only  the  labelling  of  the  equipotential  lines 
changes  with  a  change  of  reference  (Lehmann,  1977). 
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Fig.  1.  Average  (N=110)  potential  waveforms  evoked  by  2/sec  check¬ 
erboard  reversal  (circular  26'  field,  checks  40',  right  eye,  fixation 
upper  target  edge)  and  recorded  simultaneously  from  forty-seven 
electrodes  as  indicated  in  inset.  Head  seen  from  above,  nose  up, 
circled  electrode=inion .  Waveforms  in  A  referred  to  an  anterior  mid¬ 
line  reference  (R) ,  in  B  to  mean  of  both  ears.  Both  sets  of  wave¬ 
forms  and  Fig.  2  were  computed  from  same  data  set.  (From  Lehmann 
and  Skrandies,  in  prep.) 
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hi'miuMm.i  stimuli 


Fiq.  2.  Scalp  field  equipotent ial  line  maps,  constructed  from  same 
data  set  a.s  Fig.  1  (47  channel  recording),  for  different  times  after 

stimulus  reversal  onset.  The  potential  step  between  two  adjacent 
lines  is  1  uV.  Electrode  array  see  inset.  (From  Lehmann  and  Skran- 
dies,  in  prep.) 


METHODS 

All  data  were  collected  from  healthy  volunteers  (20-45  years 
of  age) .  The  checkerboard  (checks  of  40  or  50  min  arc)  was  back- 
projected  as  a  circular  field  onto  a  translucent  screen  (white: 

1.8  log  fL,  OCt  contrast  ratio)  and  reversed  at  2  changes  per 
second  using  a  feedback  controlled  mirror  (General  Scanning  CCX-101, 
1  msec  reversal  time,  no  overshoot).  Data  were  collected  from  Grass 
gold  cup  electrodes  attached  with  Grass  electrode  cream,  using  up 
to  forty-seven  preamplifiers  (constructed  by  J.  Madey,  0.5  -  100  Hz 
at  6  dB) .  The  data  were  simultaneously  A/D  converted  at  512  s/sec/ 
channel,  stored  and  sequentially  read  via  a  64  channel  converter 
and  formatter  (B.  Fricker,  H.P.  Meles  and  V.  Croti,  Inst.  Tech. 
Physics,  ETH  Zurich,  and  Neurology  Dept.,  University  of  Zurich)  and 
via  DMA  into  a  PDP-11/10  for  further  analysis. 


Determination  of  the  Time  of  Maximal  EEG  Response 

It  is  reasonable  to  assume  that  the  maximal  response  of  the 
brain  is  reflected  on  the  scalp  as  a  maximal  voltage  difference 
between  two  recording  points.  Since  it  cannot  be  known  in  advance 
which  two  sites  on  the  scalp  will  show  a  maximal  voltage  difference, 
all  recording  points  must  be  compared.  This  procedure  will  deter¬ 
mini’  two  recording  points  at  every  analysis  time,  one  for  the 
maximal  and  one  for  the  minimal  voltage  of  the  field.  Using  this 
approach,  the  size  of  the  maximal  voltage  difference  within  tin- 
recorded  area  can  be  plotted  as  a  function  of  time  (Fig.  IB  for 
upper  hemiretina  stimulation)  and  indicates  times  of  maximal  res¬ 
ponse.  A  global  assessment  of  the  amount  of  all  voltage  differ- 
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Big.  3 .  A:  Amount  of  relief  of  the  evoked  field  distribution  an  a 
function  of  time  ("hilliness  curve");  B:  Maximal  voltage  difference 
between  any  too  electrode.*;  within  the  field  an  a  fund  ion  of  t  imu. 

A  and  B  during  uppet  hem i retina  stimulation,  name  data  as  Bigs.  1A 
and  2.  C:  Times,  of  peaks  of  hillinens  curves  obtained  from  eight 
subjects  during  upper  hemiretina  stimulation.  Beaks  determined  for 
three  analysis  periods  (arrowheads).  (From  hehmann  and  Skrandies, 
in  prep.) 


ences  between  all  electrode:,  in  the  scalp  field  is  the  computat  ion 
of  the  average,  absolute  deviation  of  voltage  per  electrode  from 
the  mean  of  all  instantaneous  voltages  (average  reference).  This 
mean  of  the  absolute  voltage  deviation  pot  electrode  is  a  measure 
of  the  amount  of  relief  or  "hilliness"  of  the  seal)*  field.  The 
hillinoss  (Lehmann  ll>71)  is  a  measure  of  the  relative  power  of  the 
evoked  field  distribution.  The  values  can  be  plotted  against  time 
(Big.  1A) ,  and  typically  the  resulting  curve  for  a  given  subject  is 
similar,  although  not  identical,  to  the  curve  of  the  maximal  volt¬ 
age  differences  between  any  two  electrodes  in  the  field,  as  Big.  3A 
shows.  Both  curves  show  three  dist inct  peaks  as  77,  102  and  1  IS 
msec.  Wo  now  may  qo  back  to  Big.  2  ami  examine  the  scalp  field 
distributions  which  exist  at  about  the  occurrence  time  of  the  peak 
values  of  the  hillimess  curve.  We  note  that  the  distributions  at 
100  and  130  msec  are  quite  distinct  and  show  occipital  maximal  value 
of  inverted  polarity  at  the  two  times.  These  occipital  extreme 
values  are,  or  course,  also  seen  in  conventional  waveshape  record¬ 
ings  . 


We  collected  scalp  field  data  from  eight  subjects  using  upper 
hemiretina  checkerboard  stimulation  (1S-20  deg.  arc  field).  The 
hilliness  curves  were  constructed  for  each  subject  and  searched 
for  peak  values  during  the  three  peak  periods  of  A0-8S  msec,  BA-120 
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Fig.  4.  Scalp  electrode  locations  of  maximal  (triangles)  and  minimal 
(circles)  field  values  at  two  peak  times  (about  100  and  140  msec)  of 
the  individual  hilliness  curves  (see  Fig.  3C)  of  eight  subjects. 

Upper  hemiretina  stimuli.  Head  with  electrode  array  seen  from  above; 
outline  of  plots  indicates  array.  (From  Lehmann  and  Skrandies,  in 
prep . ) 


msec  and  120-155  msec  latency.  The  resulting  distribution  of  peak 
times  is  illustrated  in  Fig.  3C.  There  is  considerable  scatter 
for  the  peaks  during  the  earliest  analysis  period,  but  the  two  later 
hilliness  peaks  show  a  satisfying  consistency  of  latencies  across 
subjects.  Thus  these  two  moments  in  time  after  the  stimulus  may 
be  used  as  times  of  maximal  response  for  the  subject  population. 

In  order  to  determine  the  spatial  distribution  of  the  peaks  we  now 
plot  the  scalp  locations  of  the  maximal  and  minimal  field  values 
at  the  subjects'  individual  peak  latencies  of  their  hilliness  curves 
(Fig.  4).  It  is  evident  that  the  group  data  show  an  occipital  posi¬ 
tivity  at  about  100  msec  and  an  occipital  negativity  at  about  140 
msec.  Thus  this  method  determines  objectively  time  and  scalp  loca¬ 
tion  of  the  major  components  of  the  brain  response  to  checkerboard 
reversal  stimuli. 


Right  Versus  Left  Hemiretina 

Several  papers  investigated  the  shapes  of  potentials  evoked 
by  right  or  left  half  field  stimulation  (Cobb  and  Morton,  1970; 
Lesevre,  1972;  Barrett  et  al.,  1976;  Blumhardt  et  al.,  1977).  The 
results  were  contradictory  as  to  correct  lateralization  of  the 
evoked  responses  on  the  scalp.  We  suggested  (Europ.  EEG  Meeting, 
Venice,  1976)  that  the  degree  of  "wrong"  lateralization  may  increase 
with  target  size.  If  we  inspect  a  subject's  scalp  fields  which 
were  evoked  by  hemiretinal  stimulation  (Fig.  5),  things  turn  out 
to  be  somewhat  more  complicated  (the  fields  of  Fig.  5  were  con- 
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13°  26°  right  hemiretina  13°  26° 


Fig.  5.  Scalp  field  distributions  (equipotential-line  maps)  for 
right  and  left  hemiretina  stimulation  at  the  peak  times  of  the  sub¬ 
ject's  hilliness  curve.  Each  equipotential  line  =  voltage  step  of 
1  uV.  (+)  and  (-)  indicate  extrema  areas,  not  exact  electrode  loca¬ 
tions  . 


structed  at  times  of  maximal  hilliness  of  the  evoked  potential 
field;  these  times  were  identical  for  upper,  right  and  left  hemi- 
retinal  stimulation).  We  note  that  for  small  target  size,  the  field 
at  98  msec  is  lateralized  over  the  right  occiput  for  both  right  and 
left  hemiretina  stimuli.  However,  the  positive  portion  of  the  field 
which  was  evoked  by  right  hemiretinal  stimuli  has  a  steeper  gradient 
to  the  right  side,  whereas  that  for  left  hemiretina  stimuli  is 
steeper  to  the  left  side.  In  other  words,  for  these  small  targets 
there  is  at  98  msec  a  lateralization  of  the  occipital  field  distri¬ 
bution  towards  the  "correct"  side,  ipsilateral  to  the  stimulated 
hemiretina.  At  the  same  latency  for  26  deg.  arc  targets,  the  oppo¬ 
site  shift  of  the  occipitally  evoked,  positive  portion  of  the  field 
towards  the  "wrong"  side,  contralateral  to  the  stimulated  hemiretina, 
is  seen  in  Fig.  5.  The  fields  at  138  msec  appear  to  be  largely 
similar  for  small  and  large  targets  with  the  maximum  over  the  "cor¬ 
rect"  side  in  the  occipital  area  and  the  minimum  more  anterior  over 
the  "wrong"  side. 

The  relative  shift  of  location  can  be  expressed  as  a  vector 
whose  origin  is,  say,  at  the  electrode  that  detects  the  maximal 
field  value  for  right  hemiretinal  stimuli  and  whose  head  is  at  the 
electrode  which  detects  the  maximal  field  value  for  left  hemiretina 
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100  msec  140  msec 

TARGET  13°  26°  13°  26° 


Fig.  i' .  Vectors  indicating  direction  and  amount  of  change  of  loca¬ 
tion  of  the  evoked  maximal  (MAX)  and  minimal  (MIN)  field  values  of 
four  subjects  with  change  of  the  stimulation  from  right  to  left  hemi- 
retina,  for  the  two  target  sizes  and  for  the  two  hilliness  peak  times 
Center  of  reference  grid  is  the  location  of  maximal  (minimal)  value 
for  right  hemiretina  stimuli;  dots  give  relative  location  of  the 
same  value  for  left  hemiretina!  stimuli;  dots  give  relative  location 
of  tin'  same  value  for  left  hemiretinal  stimuli  in  the  different  sub¬ 
jects;  no  dot  case  of  no  change;  one  square  one  interelectrode 
distance.  Head  seen  from  above,  nose  up.  Two  of  the  subjects  showed 
no  change  for  maximal  value  location  with  IV'  targets  at  100  msec, 
but  there  was  a  change  of  the  field  distribution  in  the  same  direc¬ 
tion  as  in  the  other  two  subjects  (see  Fig.  5  for  example). 


stimuli.  We  examined  four  subjects  (including  the  subject  of  Fig. 

Ti)  with  11  and  26  deg.  arc  checkerboard  stimuli  using  lateralized 
retinal  stimulation.  We  plotted  the  shifts  of  the  maximal  and  mini¬ 
mal  field  values  at  the  respective  peak  times  of  the  subjects’ 
hilliness  curves.  Fig.  6  shows  that  at  100  msec  the  maximal  field 
values  shift  towards  the  "correct"  side  for  11  deg.  arc  targets 
(two  of  four  subjects)  and  to  t he  "wrong"  side  for  26  deg.  arc  tar¬ 
gets  (three  of  four  subjects);  canes  without  shift  of  the  maximal 
values  showed  displacements  of  the  field  distributions  similar  to 
the  other  subjects  (Fig.  5  shows  an  example).  The  minimal  field 
values  at  100  msec  (i.e.,  the  anterior  field  troughs)  shift  towards 
the  "correct"  side  for  both  small  and  large  targets.  The  later 
(14('  msec)  components  show  clear  results  for  the  maximal  field 
value  but  less  consistent  results  for  the  negative  extreme  value. 
Fig.  6  illustrates  this  observation  inasmuch  as  the  maximal  field 
value  is  centered  occipital ly  over  the  "correct"  hemisphere,  where¬ 
as  the  minimal  value  typically  is  more  anterior  over  the  "wrong" 
hemisphere.  The  occipital  response  at  140  msec  is  expected  to  be 
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E'ig.  7.  Evoked  potential  waveshapes  reconstructed  from  multichannel 
data  of  one  subject,  for  right  (upper  row)  and  left  (lower  row)  hemi- 
retina  stimulation  (26'  target),  between  an  anterior  midline  elec¬ 
trode  ( K)  and  a  left  to  right  transverse  row  of  five  electrodes  3.5 
cm  above  the  inion  (heavy  dots  in  inset) .  Note  the  positive  compo¬ 
nent  at  100  msec  over  the  "correct"  hemisphere.  Same  data  as  in 
Fig.  5. 


negative,  as  was  demonstrated  with  centered  retinal  stimulation 
(Figs.  2  and  4) .  With  lateralized  retinal  stimuli  we  observe  that 
this  minimum  appears  over  the  "wrong"  hemisphere  in  line  witli  the 
"wrong"  localization  of  the  positive  extreme  value  at  100  msec. 

But  at  140  msec  the  occipitally  dominating  field  characteristic 
which  is  evoked  by  lateralized  stimuli  is  the  positive  extreme 
value  over  the  "correct"  hemisphere.  This  result  is  easily  picked 
up  and  quite  impressive  in  conventional  waveshape  recordings  against 
an  anterior  reference  (Fig.  7;  see  also  Fig.  1  in  Blumhardt  ct  al., 
1977)  which  show  a  late  positive  response  over  the  "correct"  occi¬ 
put  . 


One  may  argue  that  since  the  response  to  small  targets  proba¬ 
bly  is  generated  by  the  foveal  projection  area  around  the  occipital 
po 1 e  of  the  hemisphere,  the  maximal  field  value  tends  towards  the 
"correct"  side.  On  the  other  hand,  since  peripheral  retinal  areas 
are  projected  to  cortical  regions  on  the  medial  brain  surface,  the 
maximal  scalp  field  value  then  tends  to  appear  over  the  "wrong" 
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Fig.  8.  Absolute  scalp  locations  of  positive  extreme  field  values 
at  peak  times  of  individual  hilliness  curves  (seven  subjects)  at 
about  100  msec  for  right  and  left  hemiretina  stimulation  witli  13'' 
target.  (From  Lehmann  and  Skrandies,  in  prep.) 


side  (see  also  Barrett  et  al.,  1976)  for  larger  targets. 

The  observation  that  the  response  at  100  msec  shows  an  occipi¬ 
tal  maximum  for  lateral ized  stimuli,  as  well  as  for  centered  stimuli, 
whereas  the  140  msec  response  shows  an  occipital  maximum  for  later- 
alized  stimuli  but  an  occipital  minimum  for  centered  stimuli,  is 
indicative  of  activity  of  two  different  neural  generator  popula¬ 
tions. 

The  described  group  characteristics  of  relative  location  change 
of  extreme  field  values  do  not  imply  consistency  of  the  absolute 
locations  across  subjects.  Pig.  8  demonstrates  the  absolute  scalp 
locations  at  individual  hilliness  peak  times  around  100  msec  for 
seven  sulijects  using  left  and  rigtit  hemiretinal,  13  deg.  arc  tar¬ 
gets.  Obviously  there  is  a  considerable  scatter  of  the  absolute 
locations  between  subjects,  although  the  population  shows  the 
general  tendency  for  field  shifts  towards  the  "correct"  hemisphere 
when  the  stimulation  is  changed  from  one  to  the  other  retinal  half. 


Upper  Versus  lower  Hemiretina 

When  the  upper  hemiretina  is  stimulated  selectively,  field 
distributions  are  observed  with  maximal  values  at  a  more  anterior 
location  than  when  the  lower  hemiretina  is  stimulated  (Lesevre, 
1973).  Pig.  9  illustrates  such  scalp  field  series  (19  deg.  arc 
targets).  These  scalp  fields  reach  maximal  values  at  an  earlier 


time  for  upper  than  for  lower  hemiretinal  stimuli.  These  latency 
differences  might  be  critical  when  potentials  evoked  by  checkerboard 
reversal  are  used  for  clinical  MS  diagnosis  (Halliday  et  al.,  1973). 


* 
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In  an  earliet  papei  on  this  problem  (U'hniann  >'t  al .  ,  1077)  wo  I  uni 
shown  that  scalp  field  latency  differences  may  look  liko  waveform 
inversions  in  convent ional  record i ng s  .  Wo  had  demount  rated  scalp 
fields  evoked  by  lowei  hemiretina  stimuli  where  the  occipital  t ield 
peak  was  at  the  hot  dei  of  the  recorded  area,  and  accordingly  field 
peak  migration  towards  the  recording  area  was  not  excluded  as  a 
possible  cause  of  the  latency  differences. 

To  sett le  the  latency  guest  ion  wo  will  have  t o  use  subjects 
whoso  field  peaks  remain  in  the  recorded  area  during  the  crucial 
time.  Since  the  scalp  fields  are  centered  at  the  occiput  around 
the  sagittal  midline  and  since  the  anterioi  distribution  is  flat 
in  tin's*.'  st  i mul us  condit  ions,  we  need  only  to  search  a  midline  row 
of  e  loot  rcnies  in  order  t  o  (a)  construct  a  curve  of  potent  ial  dif¬ 
ferences  ovet  time  between  any  two  of  the  eight  midline  electrodes 
and  (b)  make  certain  that  the  maximal  values  are  neighbored  by  non- 
extreme  field  values  so  as  t o  rule  out  peak  migration.  Out  of 
twenty-five  subjects,  only  five  fulfilled  this  latter  restriction. 
Profiles  of  the  instantaneous  voltages  at  the  eight  electrodes 
along  the  midline  wore  constructed  and  searched  for  maximal  poten¬ 
tial  differences  at  each  analysis  time  (plotted  vertically  m  the 
example  of  Fig.  10).  The  time  of  the  largest  value  of  the  voltage 
difference:''  between  any  two  elect  rodes  doterm i nod  the  response 
latency.  Median  latencies  of  t tie  five  subjects  for  upper  and  lower 
hemiretina  stimuli  are  given  in  Table  I;  the  difference  is  signifi¬ 
cant  at  p  ■  .011  in  Walsh  Tests. 

These  latency  differences  between  upper  and  lowei  hemiretina 
evoked  potentials  ait'  in  line  with  a  number  ot  anatomical  (o.g., 
Ostorborg,  I'll1')  and  behavioral  observat  ions  in  man,  amongst  them 
reports  on  a  longer  reaction  time  for  lower  hemiretinal  stimuli 
(e.g.,  Payne,  l‘H,7)  . 


Table  I.  Median  response  latencies  ot  five  subjects,  in  msec,  at 
1 .n  checkerboard  reversals/sec  (Ik'  ,  40’). 
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Fig.  10.  Profiles  of  average  evoked  potential  fields  (column  1) 
from  an  anterior  to  posterior  midline  row  of  eight  electrodes  (left 
to  right,  horizontal  bar  with  marks  at  bottom).  A  upper,  B  lower 
hemiretinal  stimuli.  The  lowest  voltage  determines  baseline  of  each 
profile.  The  maximal  voltage  difference  between  any  two  electrodes 
in  a  given  profile  is  shown  by  a  horizontal  bar  in  column  2.  (From 
Lehmann  and  Skrandies,  in  prep.) 


SUMMARY 

Using  multichannel  recordings,  the  latencies  of  components  of 
potentials  evoked  by  checkerboard  reversal  were  defined  by  (a)  the 
maximal  voltage  difference  between  any  two  electrodes  in  the  field 
or  by  the  more  general  term  (b) ,  the  maximal  value  of  the  moan  volt¬ 
age  deviation  per  electrode  from  the  mean  voltage  of  all  electrodes 
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(hill iness ,  or  relative  power).  Scalp  location  of  the  components 
was  defined  as  point  of  maximal  (or  minimal)  voltage  on  the  scalp. 
TVo  response  times  were  found  in  the  subject  population:  100  and 
140  msec.  For  centered  stimuli,  there  was  an  occipital  maximum  at 
100  msec  and  an  occipital  minimum  at  140  msec.  With  lateralized 
hemiretinal  stimuli,  the  lateral izat ion  of  the  evoked  fields  depend¬ 
ed  on  target  size:  at  100  msec,  13  deg.  arc  targets  evoked  maxima 
which  tended  towards  the  "correct"  side  ipsilateral  to  the  stimu¬ 
lated  hemiretina,  whereas  with  26  deg.  arc  targets,  maxima  were 
found  over  t he  "wrong"  side.  The  140  msec  response  for  lateralized 
stimuli  was  occipitally  positive  (as  opposed  to  negative  for  central 
fixation)  and  lateralized  over  the  "correct"  side  for  small  and 
large  targets.  The  occipital  polarity  for  the  late  response  changes 
to  lateralized  in  comparison  to  centered  stimuli.  This  is  not  true 
for  earlier  responses  and  indicates  two  different  neural  generators. 
Upper  hemiretina  stimuli  produced  shorter  (mdn:12  msec)  response 
latencies  than  lower  hemiretina  stimuli.  Scalp  field  migration  was 
excluded  as  possible  cause  of  this  difference.  Several  behavioral 
and  anatomical  observations  are  in  agreement  with  this  difference. 
For  clinical  applications  it  appears  advisable  to  test  hemisphere 
functions  with  larger  size  stimuli  and  to  consider  the  latency  dif¬ 
ferences  between  upper  and  lower  hemi retinae. 
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SPONTANEOUS  AN  I'  EVOKED  CEKEBKAI.  EI.ECTKIOAI,  ACTIVITY  AND  LOCALIZATION 
OF  LANGUAGE  FUNCTION  IN  CHILDREN  WITH  MINIMAL  CEREBRAL  DYSFUNCTION 

M.D.  Low,  L.J.  Rogers,  S.J.  Purves  and  H.G.  Dunn 
University  of  British  Columbia  and  Vancouver  General 
Hospital 


INTRODUCTION 

One  of  the  major  theoretical  constructs  in  the  field  of  cogni¬ 
tive  science  holds  that  higher  order  cerebral  tasks  are  performed 
in  so-called  association  areas  of  the  cortex,  or  at  least  in  brain 
regions  different  from  those  serving  primary  sensorimotor  functions. 
An  important  element  in  this  concept  is  that  these  higher  order 
tasks  may  also  be  performed  differentially  and  preferentially  by  the 
left  and  right  hemispheres.  Most  of  the  evidence  for  such  localiza¬ 
tion  of  function  has  been  indirect,  derived  from  clinical-behavioral 
observations  and  either  post-mortem  or  ante-mortem  diagnostic  pro¬ 
cedures  demonstrating  alterations  in  brain  structure. 

Neuropsychological  experiments  (Kimura,  1 96 1 ;  Dimond  and  Beau¬ 
mont  ,  1974 Gazzaniga,  1974;  Milner,  1974)  ,  cerebral  bloodflow 
studies  (Ingvar,  1974)  and  recording  and  analysis  of  brain  electri¬ 
cal  activity  (Harnad  et  al.,  1977;  Desmedt ,  1977)  have  all  been 
used  in  attempts  to  obtain  direct  evidence  of  higher  order  process¬ 
ing  and  the  distribution  or  location  of  such  activity  within  and 
between  the  hemispheres  in  the  intact  brain.  The  rationale  for 
such  investigations  is  not  only  to  seek  evidence  of  normal  brain 
mechanisms  subserving  cognition,  language,  etc.,  but  also  to  respond 
to  the  powerful  motivation  of  clinical  need.  At  present  clinical 
problems  involving  higher  order  dysfunction  are  extremely  difficult 
to  evaluate  in  objective,  quantifiable  terms. 

Neuropsychological  experiments  with  split  brain  patients  and 
employing  hemisphere  directed  stimuli  have  provided  unequivocal  evi¬ 
dence  of  differential  activity  of  the  left  and  right  hemispheres, 


715 


216 


M  D  LOW  ET  AL 


but  the  applicability  of  these  findings  to  the  intact,  integrating 
brain  is  uncertain.  Cerebral  bloodflow  recording  has  also  provided 
direct  and  definite  evidence  not  only  for  lateralization  of  function 
but  for  intrahemispheric  localization  of  function  as  well.  However, 
such  experimental  procedures  are  extremely  specialized  and  expensive. 
They  can  be  accomplished  only  in  very  few  centers,  and  the  necessity 
for  injection  of  a  radioisotope  would  limit  the  ethical  application 
of  such  studies  to  cases  with  real  medical  need. 

Electrophysiological  studies  of  cognitive  and  conative  function 
have  been  broadly  used,  and  it  is  generally  accepted  that  high  level 
processing  of  sensory  input  and  the  cerebral  activity  involved  in 
preparing  for  and  carrying  out  action  will  influence  brain  electri¬ 
cal  patterns.  Beyond  this  point  there  is  very  little  agreement. 

The  hypothesis  that  the  brain  events  critical  for  the  appropriate 
processing  of  sensory  input,  formation  of  percepts  and  concepts, 
memory  retrieval,  association,  evaluation,  volition  and  action  will 
be  signalled  by  specific  and  identifiable  changes  in  the  electrical 
patterns  recordable  from  the  scalp  is  intuitively  appealing.  But 
while  the  literature  abounds  with  reports  of  changes  in  or  the 
appearance  of  brain  waves  which  are  supposedly  correlates  of  some 
specific  higher  order  process,  for  virtually  none  of  these  is  there 
general  agreement  both  about  the  true  cerebral  origin  of  the  activity 
recorded  and  the  specific  brain  process  giving  rise  to  the  activity. 
The  relevant  literature  has  recently  been  extensively  and  critically 
reviewed  (Donchin  et  al.,  1977;  Donald,  1978)  and  will  not  be  re¬ 
ported  here.  But  with  the  possible  exception  of  the  early  segment 
of  the  Berei tschaf tspotential  (BSP)  or  motor  potential  complex,  it 
is  clear  that  there  is  as  yet  no  universally  accepted  electrophys¬ 
iological  evidence  of  localization  (or,  for  that  matter,  lateraliza¬ 
tion)  of  higher  cerebral  function  that  even  approaches  in  precision 
the  details  of  the  constructs  derived  from  clinical  studies. 

Our  own  experience  in  this  area  began  with  a  search  for  a  motor 
speech  analog  of  the  contingent  negative  variation  (CNV  or  slow 
component  of  the  BSP;  some  investigators  consider  them  to  bo  equi¬ 
valent)  ,  the  results  of  which  have  been  published  elsewhere  (Low 
et  al.,  1973;  Low  et  al.,  1976;  Low  and  Fox,  1977).  The  motivation 
was  primarily  clinical  need.  We  are  frequently  required  to  assess 
patients  for  possible  brain  surgery,  and  for  whom  an  unequivocal 
determination  of  hemisphere  dominance  for  language  is  essential. 

The  carotid  Amytal  test  of  language  dominance  is  considered  reliable, 
but  it  is  not  without  risk  and  cannot  be  used  at  all  in  young  chil¬ 
dren.  A  noninvasive  substitute,  applicable  to  children,  would  be 
very  valuable. 

Our  data,  now  from  more  than  125  recording  sessions  with  normal 
subjects  and  patients,  led  us  to  conclude  that  there  is  a  slow  po¬ 
tential  recordable  from  the  posterior  and  inferior  frontal  regions 
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prior  to  speech  in  a  manner  analogous  to  the  vertex  CNV  in  the  usual 
cued  reaction  time  paradigm,  and  that  these  speech  CNVs  do  show  asym¬ 
metries  which  in  grouped  data  can  be  related  to  cerebral  dominance 
for  language .  However ,  the  procedures  involved  present  serious  meth¬ 
odological  difficulties  as  several  investigators,  including  ourselves, 
have  documented  (Szirtes  and  Vaughan,  1977;  Grozinger  et  al. ,  1977; 

Low  and  Fox,  1977).  Furthermore,  we  were  unable  to  achieve  better 
than  80%  accuracy  in  prediction  of  hemisphere  dominance  (as  finally 
determined  by  the  carotid  Amytal  test)  when  using  speech  CNV  criter¬ 
ia  alone. 

Because  a  number  of  reports  in  the  literature  have  suggested 
that  other  measures  of  cerebral  electrical  activity  are  related  to 
language  dominance  (Cornil  and  Gasraut,  1947;  Galin  and  Ornstein, 

1972;  Callaway  and  Harris,  1974;  Butler  and  Glass,  1974;  Beck  et 
al.,  1975;  Donchin  et  al.,  1977),  we  reasoned  that  some  of  these 
could  be  used  either  to  strengthen  the  evidence  of  lateralization 
in  the  presence  of  a  consistently  asymmetrical  CNV  or  to  provide 
definitive  lateralizing  information  when  the  CNV  asymmetry  was  var¬ 
iable  or  inconsistent  (as  is  often  the  case) . 

Consequently,  we  developed  a  comprehensive  test  "battery"  in¬ 
cluding  a  number  of  neurophysiological  measures  (i.e.,  visual  evoked 
potentials  to  words  and  pattern  reversal,  the  CNV,  EEG  power  and 
coherence  spectra)  which  we  anticipated  would  assist  both  in  the 
assessment  of  hemisphere  dominance  and  the  demonstration  of  regional 
changes  in  brain  electrical  activity  during  reading,  speech  and 
other  activities  presumed  to  engage  primarily  the  left  or  the  right 
hemisphere .  We  have  applied  our  neurophysiological  test  battery  in 
recordings  from  fifty-one  children  who  are  participants  in  a  study 
being  conducted  by  the  U.B.C.  Division  of  Pediatric  Neurology.  The 
study  is  a  prospective  one  of  children  born  prematurely  and/or  with 
low  birth  weight  compared  to  a  group  of  age-matched  full  birth  weight 
children.  We  have,  therefore,  had  access  to  a  very  highly  selected 
group  of  subjects  with  very  detailed  gestation,  birth,  neurological, 
neurophysiological  and  developmental  histories,  all  of  whom  have 
been  followed  clinically  for  up  to  15  years. 

Data  analysis  was  intended  to  provide  answers  to  primarily  two 
questions:  (1)  Are  there  consistent  relationships  between  the  dif¬ 

ferent  electrophysiological  measures,  functional  laterality  and 
hemisphere  dominance  for  language  so  that  one  may  be  reliably  pre¬ 
dicted  from  another  in  a  given  individual?  (2)  Are  there  consistent 
electrophysiological  correlates  of  minimal  cerebral  dysfunction? 


METHOD 

Subjects  for  the  study  were  all  children  between  the  ages  of 
12-1/2  and  15  years.  They  included  twenty-nine  normal  controls 
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(seventeen  male  and  twelve  female)  and  sixteen  with  the  MCD  syndrome 
(eleven  male  and  five  female).  All  were  proven  dextrals  by  lateral¬ 
ity  testing  (handedness,  footedness,  eyedness) .  Data  from  an  addi¬ 
tional  six  sinistrals  (four  MCD  and  two  normal)  are  not  included  in 
this  report  . 

To  obtain  the  diagnostic  criteria  for  the  MCD  syndrome,  clinical 
assessments  were  made  in  four  major  areas,  i.e.,  neurological  signs, 
organic  behavioral  syndrome  signs,  routine  electroencephalogram 
findings  (including  hyperventilation,  photic  stimulation  and  sleep) 
and  psychometric  testing  (Table  I).  Subjects  were  given  a  score  of 
0  for  normal,  1  for  abnormal  or  1/2  for  borderline  in  each  area. 

Tlie  original  clinical  diagnostic  classification  was  based  upon  the 


TABLE  I 

DIAGNOSTIC  CRITERIA  -  MCD 

I.  Organic  Behavior  Syndrome 

Excessive  motor  activity,  impulsiveness,  destructiveness,  short 
attention  span,  distract ibi lity ,  irritability,  mood  swings, 
perseveration,  unpredictability,  sleep  disturbance. 

II.  Neurological  Abnormalities 
Eye  -  Squint,  nystagmus,  etc. 

Motor  -  Dystonia,  abnormal  reflexes,  involuntary  movements, 
poor  gross  or  fine  coordination,  cross-laterality. 

Sensory  -  Finger  agnosia,  astereognosis ,  lack  of  R-I,  distinction 
Congenital  Stigmata  -  Hypertelorism,  abnormal  palm  prints, 
multiple  cafe  au  lait  spots. 

III.  Psychometric  Abnormalities 

WISC  -  Full  scale  IQ  assumed  80  4 

-  Significant  (15+)  difference  verbal/performance 

-  Subtest  scatter 

Good  Enough  -  Harris  man/woman  average  IQ 
Knox  Cube 
Vocal  Encoding 

IV.  EEC  Abnormalities 

Routine  lb-channel  recording;  awake,  asleep,  hyperventilation 
and  pilot. ic  stimulation. 
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total  ot  the  four  scores  with  0-1.5  considered  normal  and  2-4 
considered  MCD. 

All  electrophysiological  recordings  were  done  in  an  electrical¬ 
ly  shielded,  sound-deadened  room  with  the  subjects  seated  in  a  re¬ 
clining  chair.  Word  stimuli  were  displayed  via  a  24  cm  monochrome 
TV  monitor  placed  1  meter  in  front  of  the  subject's  face.  The  cen¬ 
ter  of  the  screen  was  marked  for  visual  fixation.  The  stimulator 
for  pattern  reversal  VEPs  was  a  grid  of  red  light-emitting  diodes. 

Recordings  were  done  with  a  Beckman  Type  "R"  Dynograph.  The 
recording  system  bandwidth  was  0.025  Hz  to  100  Hz  (3  dB  points)  and 
preamplified  EEG  signals  were  led  directly  to  the  A/D  converters 
of  a  POP  11/20  computer  which  controlled  all  of  the  stimulus  presen¬ 
tation  and  data  acquisition.  During  all  recording  sessions  an 
automatic  artifact  rejection  routine  was  used  which  excluded  a  trial 
from  the  average  if  the  voltage  in  the  electro-oculogram  (EOG)  chan¬ 
nel  exceeded  a  preset  limit  empirically  determined  at  the  beginning 
of  the  session  (Low,  1977). 

The  neurophysiological  test  battery  included: 

(a)  Power  spectral  analysis.  This  was  obtained  for  four  electrode 
positions  (F3,  F4 ,  P3,  P4  -  paired  ear  reference)  during  four  condi¬ 
tions  -  resting  with  eyes  open,  resting  with  eyes  closed,  performance 
of  a  right  hemisphere  dependent  task  (Street  Gestalt  completion)  and 
performance  of  a  left  hemisphere  dependent  task  (WAIS  Similarities 
Subtest  for  Children) .  For  each  condition  the  power  in  the  four 
canonical  EEG  frequency  bands  was  measured  during  ten  4  sec  sampling 
periods . 

(b)  Coherence  functions.  Coherence  in  the  alpha  band  was  calculated 
for  F3/F4,  P3/P4 ,  F3/P3,  F4/P4  during  the  above  four  conditions. 

(c)  Speech  CNVs.  The  speech  CNV  was  recorded  from  eight  temporal 
and  posterior  frontal  scalp  locations  as  illustrated  in  Fig.  1  using 
the  contralateral  ear  as  reference.  The  computer  controlled  paradigm 
presented  a  3-5  letter  word  as  SI  on  the  video  screen.  The  word 

was  displayed  for  50  msec,  and  1.5  sec  later  a  tone  pip  occurred  as 
S2 .  Subjects  were  instructed  to  watch  the  center  of  the  screen,  read 
the  word  as  it  appeared  and  to  say  the  word  aloud  as  soon  as  the 
tone  sounded.  Up  to  thirty  different  words  were  presented,  and 
averages  of  blocks  of  fifteen  or  thirty  trials  were  obtained  in  2.3 
sec  epochs  each  beginning  0.5  sec  prior  to  the  appearance  of  the 
word  on  the  screen. 

CNV  measures  were  derived  as  integrations  over  time  of  the 
negative  and  positive  voltage  in  each  of  the  two  successive  500  msec 
intervals  preceding  the  onset  of  S2  as  illustrated  in  Fig.  2.  The 
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Fig.  1.  Electrode  placements  for  recording  speech  CNVs ,  WEPs  and 
pattern  reversal  VEPs.  TH  and  TL  are  2  cm  above  and  2  cm  below  a 
point  midway  between  the  midtemporal  (T3,T4)  and  posterior-frontal 
(F7,F8)  electrodes. 


data  from  the  second  interval  was  later  excluded  from  the  analysis 
because  of  possible  artifact  contamination. 

(d)  Visual  evoked  potentials  to  words  (WEPs) .  From  the  same  eight 
scalp  locations,  four  amplitude  measurements  of  the  WEP  to  the  word 
presented  as  SI  in  the  CNV  paradigm  were  made  as  shown  in  Fig.  2, 
i.e.,  a-b,  b-c,  c-d,  d-e. 


S)  WORD  S2  TONE 

- 1.5  Sec. - 

Fig.  2.  Illustration  of  the  WEP  peak-to-peak  amplitude  measurements 
b-c,  c-d,  d-e)  and  speech  CNV  voltage  integrations  (a  positive 
and  a  negative  value  are  possible  in  each  time  segment  1  and  11) . 
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(e)  Pattern  visual  evoked  potentials.  Using  the  reversing  red  light 
pattern  stimulator,  Vl'.Ps  were  recorded  from  three  electrode  locations 
(Ol,  Oz  and  02  -  paired  ear  reference).  Stimuli  were  delivered  to 
the  left  and  right  eyes  independently,  and  responses  wore  recorded 
and  averaged  in  blocks  of  100. 

Measures  of  patterned  visual  evoked  potential  parameters  were 
derived  as  the  latencies  of  P100  and  N200  components  at  the  Oz 
electrode  position  with  left  and  right  eye  stimulation  and  the  ampli¬ 
tude  (peak-to-peak)  of  the  P100  -  N200  segment  at  the  Ol  and  02 
electrode  positions  with  left  and  right  stimulation. 

Due  to  the  length  of  time  required  to  accomplish  all  of  the 
above  and  to  avoid  subject  fatigue  the  procedures  were  divided  into 
two  parts,  and  the  subjects  completed  the  two  recording  sessions  on 
different  days  separated  by  as  much  as  several  weeks.  Specific 
test  items  included  in  a  given  day's  recording  were  variable,  but 
usually  the  power  spectra,  coherence  functions,  speech  CNVs  and 
evoked  potentials  to  words  were  obtained  during  a  single  session. 


RESULTS 

From  the  156  separate  neurophysiological-dichotic  listening 
measures  we  have  derived  an  additional  300  variables  including  inter- 
and  intrahemispheric  ratios  of  the  measures  listed  above.  This 
extremely  large  data  base  presents  many  analytical  possibilities, 
and  while  a  number  are  being  pursued,  this  report  is  only  concerned 
with  the  question  of  correlations  between  electrophysiological 
measures  of  differences  between  left  and  right  hemisphere  activity 
(termed  interhemispheric  ratio  variables)  and  with  the  differences 
between  all  of  the  measures  in  the  normal  and  MCD  subject  groups. 


Covariance  in  Electrophysiological  Measures 

The  neurophysiological  data  from  the  twenty-nine  normal  subjects 
(all  dextrals)  were  taken  separately  and  analyzed  for  possible  co- 
variances  between  interhemispheric  measures  made  of  speech  CNV, 
evoked  potential  and  EEG  power  spectra  at  rest  and  during  differen¬ 
tial  task  engagement.  A  complete  search  for  the  dependencies  between 
these  variables  was  impossible  because  of  the  relatively  small  number 
of  subjects. 

As  an  initial  step  a  correlation  matrix  was  calculated  for  all 
of  the  interhemispheric  (left-right)  ratio  variables.  This  showed 
no  significant  correlations.  Principal  components  (Bio-Med  "P" 
series,  program  P4R;  Dixon,  1977)  were  then  calculated  for  each  of 
the  three  sets  of  variables,  i.e.,  CNVs,  WEPs  and  EEG  excluding 
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only  the  intrahemispheric  ratio  variables.  The  first  principal 
component  of  the  CNV  data  measured  left-right  differences  in  a  way 
analogous  to  the  second  principal  component  of  the  whole  data  set 
(see  below.  Table  IV) .  The  other  two  data  sets  did  not  yield  simi¬ 
lar  left-right  principal  components .  The  CNV  first  principal  com¬ 
ponent  was  then  used  as  the  dependent  variables  in  separate  stepwise 
regression  calculations  (Bio-Med  "p"  series,  program  P2R)  with  each 
of  the  two  other  data  sets'  (word  evoked  potential  and  EEG)  prin¬ 
cipal  components  as  independent  variables.  Two  further  stepwise 
regression  runs  were  made,  again  with  the  CNV  first  principal  com¬ 
ponent  as  the  dependent  variable  and  each  of  the  two  other  data 
sets'  untransformed  variables  as  independent  variables.  Although 
a  few  of  the  resulting  correlations  might  have  been  considered  sig¬ 
nificant,  no  interpretable  or  consistent  pattern  emerged,  and  it  was 
concluded  that  these  scattered  correlations  arose  by  chance. 


Between  Groups  Differences  in  Electrophysiological  Measures 

In  considering  the  possible  separation  of  the  normal  and  MCD 
subject  groups  a  preliminary  analysis  of  the  effect  of  combining 
the  four  separate  diagnostic  scores  (neurological  exam,  O.B.S., 
psychological  testing  and  routine  EEG  findings)  into  a  single  score 
was  undertaken.  It  was  found  that  the  psychological  and  EEG  scores 
were  less  reliably  related  to  the  other  two  (see  Table  II  which 
shows  the  correlation  the  correlation  matrix  of  all  four  scores) 
and  had  higher  variances.  Consequently  it  was  decided  to  use  as 
a  final  diagnostic  score  a  weighted  sum  of  the  four  subscores  with 
the  EEG  and  psychological  testing  carrying  one-half  the  weight  of 


TABLE  II 

CORRELATION  ANALYSIS  OP  FOUR  DIAGNOSTIC  VARIABLES 


NEURO 

OBS 

EEG 

PSYCH 

MEAN 

ST . DEV . 

R~* 

NEURO 

1.000  ■ 

0.3222 

0.356 

0.  384 

OBS 

0.568 

1 . 000 

0.278 

0.362 

0.351 

EEG 

0.328 

0.187 

1 . 000 

0.300 

0.418 

0.108 

PSYCH 

0.287 

0.325 

0.075 

1 . 000 

0.400 

0.434 

0.121 

Squared  multiple  correlation  of  each  variable  with  the  other 
three . 
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the  other  two.  This  resulted  in  a  better  regression  (more  signifi¬ 
cant)  analysis  of  the  CNV  variables  against  diagnostic  score. 

Since  the  diagnostic  score  did  not  have  an  obvious  bimodal 
distribution,  for  further  analysis  the  data  were  treated  in  a  single 
group,  and  multivariate  regression  analysis  with  the  diagnostic  score 
as  the  dependent  variable  was  undertaken.  The  speech  CNV  measure¬ 
ments  yielded  forty-eight  variables  grouped  into  three  categories: 
a)  integrated  amplitude  of  speech  CNV,  b)  interhemi spheric  ratios 
of  these  integrated  amplitudes  and  c)  intrahemispheric  ratios  of 
the  integrated  amplitudes.  Since  there  were  forty-eight  variables 
and  only  forty-four  subjects,  considerable  data  reduction  was 
necessary,  and  two  methods  were  used.  (One  further  subject  was 
eliminated.  The  regression  analysis  indicated  that  this  subject 
was  an  outlier,  and  this  clinical  diagnosis  carried  a  special  note 
indicating  possible  serious  neurological  problems.)  The  first  was 
stepwise  multivariate  linear  regression  (from  UCLA  Bio-Med  "p" 
series,  program  P2 R)  used  to  select  from  the  forty-eight  variables 
the  subset  best  related  to  the  MCD  diagnostic  score.  The  initial 
(step  0)  partial  correlations  are  listed  in  Table  III.  The  criter¬ 
ion  chosen  for  entering  variables  was  to  maximize  the  change  in  the 
residuals  (called  F  method  by  P2R) . 

An  intrahemispheric  ratio  (F8/F8+T4,  speech  CNV,  early  segment 
negative  integration)  was  entered  first.  Examination  of  Table  III 
shows  that  the  category  of  right  intrahemispheric  ratios  contains 
much  information  related  to  MCD,  with  temporal  interhemispheric 
ratios  and  temporal  right  hemispheric  positive  integrations  nearly 
as  significant.  The  F-to-enter  values  for  the  second  step  of  the 
stepwise  regression  program  show  that  most  of  the  negative  integra¬ 
tion  variables  were  sufficiently  correlated  with  the  chosen  variable 
that  their  F-to-enter  values  dropped.  Many  of  the  positive  integra¬ 
tion  values,  however,  had  increased  F-to-enter  values  for  the  second 
step,  and  the  entry  of  the  T4  positive  integration  variable  increas¬ 
ed  the  significance  of  the  regression  over  that  of  the  first  step. 

The  F  ratio  at  this  point  was  highly  significant  [F (2 , 41) -24 . 77 , p] . 
The  variables  entered  in  the  next  several  steps  decreased  the  signi¬ 
ficance  of  the  F  ratio. 

A  closer  examination  of  the  data  for  the  intrahemispheric 
ratios  indicated  that  minimal  cerebral  dysfunction  is  indicated  by 
large  ratios  while  normal  ratios  are  more  likely  to  be  near  0.5 
(the  ratio  F8/F8+T4  equals  0.5  if  F8  equals  T4)  .  In  the  case  of 
F8/F8+T4,  one  half  of  the  subjects  with  the  original  diagnosis  of 
normal  had  ratios  below  0.5  and  one-half  above  (Fig.  3).  Thirteen 
of  the  fifteen  subjects  diagnosed  as  having  MCD  had  ratios  above 
0.5.  In  fact  eleven  of  the  fifteen  had  ratios  above  0.7. 

The  second  method  of  data  reduction  was  to  calculate  the  prin¬ 
cipal  components  of  the  standardized  CNV  variable  data  matrix  (using 


224 


M  D  LOW  LT  AL 


TABLE  1  I  I 


CORRELATIONS  OK  THE  SPEECH  CNV  VARIABLES  WITH  THE  DIAi-:NOSTIC 
VARIABLE  DETERMINED  BY  STEPWISE  REGRESSION  ANALYSIS 


left 

Hemisphere 

Measurements 

left  Int rahemispheric 

Rat ios 

Negative 

Positive 

Negat ive 

Posit ive 

Integrat ions 

Integrations 

F7 

0.  348 

-0.278 

F7/F7+T1H 

o.oos 

-0.157 

T1H 

0.226 

-0.064 

F7/F7+T1L 

0.283 

0.008 

TIL 

0.290 

0.019 

F7/F7+T3 

0 . 397 

-0.092 

T3 

0.074 

0.117 

T1H/T1H+T1L 

0.011 

0.202 

T1H/T1H+T3 

0.284 

0.022 

T1L/T1L+T3 

0.325 

-0.134 

Intel-hemispheric  Ratios 


Negative 

Positive 

Integrations 

Right  Int rah 

emispheric 

Ratios 

F8/F8+F7 

0.371 

-0.126 

Negative 

Pos i t i ve 

T2H/T2H+T1H 

0.351 

-0.255 

Integrations 

T2L/T2L+T1L 

0.491 

-0.474 

T4/T3+T4 

0.559 

-0.366 

F8/F8+T2H 

0.342 

-0.201 

F8/F8+T2L 

0.448 

-0.393 

F8/F8+T4 

0.584 

-0.372 

Right  Hemisphere  Measurements 

T2H/T2 H+T2L 

0.117 

-0.239 

T2H/T2H+T3 

0.411 

-0.329 

Negative 

Positive 

T2L/T2L4T4 

0.361 

-0.099 

Integrations 

F8 

-0.003 

0.026 

T2H 

-0.169 

0.177 

T2L 

-0.325 

0.454 

T4 

-0.418 

0.504 

Bio-Med,  program  P2R)  .  The  second  principal  component  was  the  most 
highly  correlated  {correlation  -  0.58552,  F  ratio  for  the  regression 
21.91  [F(l,42)]l  with  the  diagnostic  score  and  was  comparable  to 
F8/F8+T4  in  this  respect.  No  other  principal  component  in  combina¬ 
tion  with  the  second  supplied  sufficiently  different  information  to 
increase  the  significance  of  the  F  ratio. 


The  second  principal  component  (Table  IV)  can  be  interpreted 
as  indicating  a  difference  between  the  left  and  right  hemispheric 
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MCD  Subjects 
(n=15) 


Normal  Subjects 
|n=29) 


F8  +  T4 


T3 


Fig.  3.  Histogram  of  the  distribution  of  the  early  segment  speech 
CNV  ratio  values  (intra-  and  interhemispheric)  in  normal  and  MCP 
children. 


TABLE  IV 


SECOND  PRINCIPAL  COMPONENT  OF  SPEECH  CNV  DATA 

This  table  lists  the  second  eigenvector  values  for  the  .'4  posit  ivc 
integration  variables  of  the  speech  CNV  data.  The  eigenvector 
values  for  the  24  negative  integration  variables  are  not  included 


because  they 

provic 

led 

essentially  the 

same 

informat  ion . 

I*' ft  Hem  is 

■l'h 

ere 

Interhemis 

Phe 

ric 

Right  Hemi 

sph. 

‘re 

Measurettu 

>nt 

s 

Rat  io 

s 

Measurement ;; 

F7 

-0. 

12* 

F8/F8+F7 

-0 

.2^** 

EH  0 . 

1  l* 

T1H 

-0. 

09 

T2H/T2 H+T1H 

-0 

.  2  *J  *  * 

T2H  0 . 

17* 

TIL 

■0. 

14* 

T2L/T2L+T1L 

-0 

.28** 

T2L  0. 

24** 

T3 

-0. 

07 

T4/T4+T3 

-0 

#  2  a  *  * 

T4  0 . 

>  r,  *  4 

Loft  Intrahem is 

phei 

■  ic 

Right  Intrahemis 

pi 

ler  i  o 

Rat ios 

Rat ios 

F7/F7+T1H 

-0. 

06 

F8/F8+T2H 

_ 

•0. 

1  3* 

F7/F7+T1L 

-0. 

,04 

F8/F8+T2L 

- 

■0. 

IS* 

F7/F7+T3 

-0. 

07 

F8 /F8 FT4 

- 

0. 

17 

TlH/TlH+TlI, 

0. 

02 

T2H/T2H t  T2L 

- 

0. 

09 

T1H/T1H  4  T3 

-0. 

04 

T2H/T2H+T4 

- 

0. 

09 

T1L/T1L+T3 

-0. 

07 

T2L/T2I.FT4 

0. 

04 

*  Emphasis 

of 

values 

greater  than 

0. 

10 

**  Emphasis 

of 

values 

greater  than 

0., 

20 
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CNV  niMsures.  The  largest  contributions  to  the  principal  component 
are  almost  exclusively  from  the  left-right  interhemispheric  ratios, 
and  the  left  hemisphere  negative  integrations  are  negatively  weight¬ 
ed  while  the  right  hemisphere  negative  integrations  are  positively 
weighted.  It  should  be  noted  that  the  intrahemispheric  ratios  con¬ 
tribute  little  to  this  principal  component. 

Examination  of  Table  IV  shows  that  relatively  larger  left  hem¬ 
isphere  negative  integration  measures  result  in  a  smaller  (more 
negative)  principal  component  value.  Since  the  principal  component 
is  negatively  correlated  with  the  MCD  diagnostic  variable,  relative¬ 
ly  larger  left  hemisphere  integrations  are  positively  associated 
witli  MCD. 


The  interhemispheric  ratio  with  the  highest  principal  component 
coefficient  was  T3/T3+T4.  For  this  variable  (Fig.  3B)  fourteen 
normals  had  values  below  0.5,  and  sixteen  above,  while  fourteen  of 
the  fifteen  MCDs  had  ratios  above  0.5  (eleven  above  0.7). 

The  word  evoked  potential  variable  most  significantly  related 
to  the  MCD  diagnostic  variable,  according  to  stepwise  regression, 
was  an  intrahemispheric  ratio  (F8/F8+T4)  for  the  N100  peak  [p  =  0.41, 
F(l,42)  =  8.59],  The  second  most  significant  was  an  intrahemispheric 
ratio  (T2L/T2L+T4)  for  P300  [p  =  0.40,  F(l,42)  =  7.77],  All  other 
groups  of  variables  were  clearly  less  related.  For  the  N100  variable 
eighteen  of  twenty-nine  normals  had  values  above  0.5,  but  only  six 
of  these  were  above  0.6  while  eleven  of  fifteen  MCDs  had  values  above 
0.6.  For  P300  thirteen  of  sixteen  normals  had  ratio  values  above  0.5, 
with  six  having  values  above  0.6,  while  ten  of  fifteen  MCDs  had  val¬ 
ues  above  0.6.  Some  components  of  the  word  evoked  potential,  like 
the  early  segment  speech  CNV,  were  therefore  more  asymmetrical  (or 
less  evenly  distributed  within  one  hemisphere)  in  MCD  children  ttian 
in  normals. 

Principal  components  were  calculated  separately  for  ttie  vari¬ 
ables  derived  from  each  of  the  four  evoked  potential  peak  measure¬ 
ments.  The  third  principal  component  for  the  N100  variables  was 
significantly  related  to  the  MCD  diagnostic  variable  [p  =  -0.464, 
F(l,42)  =  11.531.  The  N100  principal  component  coefficients  are 
presented  in  Table  V.  The  right  intrahemispheric  ratios  contribute 
most  heavily  to  this  principal  component  and,  consistent  with  the 
speech  CNV  data,  a  negative  principle  component  score  (higher  intra¬ 
hemispheric  ratios)  indicates  minimal  cerebral  dysfunction. 

In  a  similar  fashion,  multivariate  linear  regression  and  step¬ 
wise  regression  were  utilized  in  analysis  of  the  ten  pattern  visual 
evoked  potential  variables.  Tins  analysis  demonstrated  that  the 
children  with  the  highest  degree  of  minimal  cerebral  dysfunction 
tended  to  have  the  lowest  amplitude  visual  evoked  potentials  at  01, 
the  shortest  N160  latencies  and  highest  pattern  evoked  potential 
amplitude  at  02. 
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TABLE  V 

PRINCIPAL  COMPONENT  OF'  WORD  EVOKED  POTENTIAL  PEAK  NlOO 
Numbers  arc  the  eigenvalues  of  the  variables  listed 


left  Remit 

sphere 

Interhemi s 

pheric 

Right  Hemis 

sphere 

Measurements 

Rat  io 

S 

Measurement s 

F7 

-0.07 

F7/F7+F8 

0 . 04 

F8 

-0.10 

Till 

0 . 06 

T1H/T1H+T2H 

0 . 06 

T2H 

0.05 

TIL 

0.01 

T1L/T1L+T2L 

-0 . 09 

T2L 

0 . 08 

T3 

0.13 

T3/T3+T4 

-0.14 

T4 

0.33 

Left  Int rahemispheric 

Right  Int  rahemi spher i c 

Ratios 

Rat  ios 

F7/F7+T1H 

-0.22 

F8/F8+T2H 

-0.26 

F7/F7+T1L 

-0 . 09 

F8/F8+T2L 

-0.30 

F7/F7+T3 

-0.27 

F8/F8+T4 

-0.45 

T1H  TlHtTlI. 

0.12 

T2H/T2H+T2L 

-0.10 

T1H/T1H+T3 

-0.06 

T2H/T2H+T4 

-0 . 36 

T1L/T1I.+T3 

-0.20 

T2L/T2L+T4 

-0.35 

The  EEC 

variable 

first  chosen 

by  the 

stepwise  reqress 

ion  pro- 

cedure  was  intensity  in  the  Delta  (0 — l  Hz)  frequency  band  from 
electrode  placement  F3,  eyes  open  condition  [p  0.32,  F(l,42) 
4.81].  In  general  minimal  cerebral  dysfunction  was  positively  re¬ 
lated  to  delta  and  theta  intensity  and  negatively  related  to  alpha 
intensity.  The  second  best  variable  [p  =  0.32,  F(l,42)  =  4.81) 
was  an  intrahemispherie  ratio,  F3/F3+P3,  of  average  intensities  in 
the  alpha  band  for  the  similarities  condition.  The  frontal  inter- 
hemispheric  ratios  and  left  hemisphere  intrahemispherie  rat ios  for 
each  condition  were  nearly  as  significant.  The  variation  in  these 
variables  was  too  great,  however,  to  ascertain  their  distribution 
with  respect  to  the  symmetric  ratio  value  of  0.5. 

None  of  the  EEC  principal  components  was  significantly  related 
to  ttie  MCD  diagnostic  variable. 


DISCUSSION 

There  are  two  main  conclusions  which  follow  from  these  experi¬ 
ments.  The  first  is  that  we  have  failed  to  demonstrate  a  consistent 
correlation  between  electrophysiological  measures  presumed  to  re¬ 
flect  or  to  ho  affected  by  different  activity  in  the  two  hemispheres 
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related  to  hemisphere  dominance  (at  least  as  far  as  such  dominance 
is  indicated  by  functional  laterality) .  This  is  disappointing  in 
that  we  hoped  to  be  able  to  show  that  combinations  of  such  measures 
would  provide  strong  corroborative  evidence  of  language  dominance 
in  clinical  situations. 

One  important  reason  for  the  lack  of  statistically  significant 
correlations  among  our  event  related  and  ongoing  EEG  potential  mea¬ 
sures  is  their  marked  variability  within  and  between  subjects.  There 
were  left-right  hemisphere  differences  in  several  measures  both  at 
rest  and  during  specific  tasks  presumed  to  depend  primarily  upon 
one  hemisphere  or  the  other,  and  these  differences  were  in  the 
expected  directions  in  grouped  data,  but  in  a  given  subject  could 
show  even  opposing  asymmetries  on  repeated  measures.  In  these 
studies  the  most  consistent  grouped  data  left-right  hemisphere  dif¬ 
ference  measures  were  those  related  to  the  speech  CNV  and  the  peak 
amplitudes  of  word  evoked  potential  components  in  the  100  to  200 
msec  latency  range.  Inspection  of  the  raw  data,  however,  revealed 
that  even  these  showed  marked  variability  in  left-right  amplitude 
ratios  from  sample  to  sample. 

There  is  almost  no  information  in  the  available  literature  on 
the  subject  of  correlations  between  slow  potential  phenomena  such 
as  the  CNV,  other  event  related  potential  parameters  and  the  ongoing 
EEG.  Curry  (1977)  examined  the  relationships  between  scalp  recorded 
slow  potential  fluctuations  and  event  related  potentials  in  an  audi¬ 
tory  discrimination  task  but  found  that  there  were  very  few  consis¬ 
tent  relationships  among  the  measures.  The  correlations  which  he 
did  find  were  between  CNV  measures  and  evoked  potential  amplitudes. 

Our  failure  to  demonstrate  any  significant  interrelatedness 
among  our  various  electrophysiological  measures,  many  of  which  have 
been  shown  to  vary  in  left-right  symmetry  as  a  function  either  of 
presumed  cerebral  dominance  for  language  or  verbal  vs.  nonverbal 
task  requirements,  underscores  a  problem  encountered  by  all  research¬ 
ers  in  the  general  field  of  cognitive  science,  and  particularly  by 
those  employing  electrophysiological  parameters  as  indicators  of 
higher  order  cerebral  processes:  in  experiments  with  human  subjects 
it  is  extremely  difficult,  if  not  impossible  at  a  given  moment  in 
time,  to  specify  and  isolate  a  single  cerebral  process. 

It  appears  to  us  that  different  electrophysiological  parameters 
reflect  different  aspects  of  the  left-right  and  within-hemisphere 
organization  of  the  two  halves  of  the  brain.  The  data  obtained  in 
this  work  support  the  concept  that  the  normally  functioning  inte¬ 
grating  brain  participates  in  a  more  broadly  based  and  less  stereo¬ 
typed  fashion  (in  the  processes  indexed  by  our  electrophysiological 
measures)  than  either  anatomical  (Geschwind  and  Levitsky,  1968;  Wada 
and  Davis,  1977)  or  clinical  dysfunction  evidence  (Milner,  1974)  has 
been  taken  to  suggest. 
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The  second  main  conclusion  is  that  as  a  group  children  with  the 
minimal  cerebral  dysfunction  syndrome  do  differ  significantly  from 
age-matched  normal  controls  with  respect  to  certain  electrophvsio- 
logical  measures. 

A  similar  general  observation  has  been  made  by  several  other 
investigators  including  Low  and  Stoilen,  1973;  Kinsbourne,  1973; 
Satterfield  and  Braley ,  1977;  John  et  al . ,  1977;  Fuller,  1977  and 
Robert  et  al.,  1978,  based  upon  demonstration  of  frequency,  latency 
or  amplitude  abnormalities  in  either  the  EEG  or  event  related  poten¬ 
tial  parameters  in  groups  of  children  with  learning  disorders  or  the 
MCD  syndrome.  While  there  are  scattered  references  in  the  existing 
literature  to  differences  in  EEG  L/R  symmetry  measures  between 
normal  and  learning  disordered  children,  only  one  other  group  of 
investigators  (John  ot  al.,  1977)  has  systematically  explored  intra- 
hemispheric  differences  in  cerebral  electrical  activity  in  this 
context . 

In  an  ongoing  study  which  now  includes  a  largo  number  of  sub¬ 
jects,  John  and  his  colleagues  have  used  a  form  of  cluster  analysis 
to  differentiate  not  only  abnormal  (MCD  or  learning  disabled)  chil¬ 
dren  from  normals,  but  to  distinguish  between  different  kinds  of 
learning  disability.  However,  their  methods  of  data  acquisition 
and  analysis  preclude  any  direct  comparison  with  the  regional  dif¬ 
ferences  wo  have  found  between  our  normal  and  MCD  subjects.  It  should 
bo  noted  that  while  John  et  al.  depend  very  heavily  upon  psychometric 
testing  for  diagnostic  classification,  we  have  found  that  psycho¬ 
logical  data  is  less  reliably  related  to  an  overall  diagnosis  than 
either  neurological  examination  or  elements  of  an  organic  behavior 
syndrome . 

The  work  that  we  are  reporting  here  has  shown  that  the  single 
most  px>tent.  measure  discriminating  MCD  from  normal  children  is  the 
difference  in  magnitude  of  the  early  segment  speech  CNY  between 
anterior  and  midtemporal  sites  in  the  right  hemisphere,  with  the 
MCD  children  having  greater  differences  (or  more  localized  potential 
distribution  over  the  scalp)  than  normal  children.  The  same  kind 
of  intrahemispheric  differences  were  shown  for  mid-latency  compo¬ 
nents  of  evoked  responses  to  visually  presented  word  stimuli  while 
both  speech  CNVs  and  pattern  reversal  visual  evoked  potentials  were 
more  asymmet rical  between  homologous  brain  regions  in  MCD  than  in 
normal  children.  All  of  these  event  related  potential  measures 
were  better  "indicators"  of  the  MCD  diagnosis  than  EEG  frequency 
analysis  although  our  finding  of  greater  slow'  activity  in  MCD 
children  than  normals  is  consistent  witli  the  observations  of  many 
other  investigators.  Some  other  very  recent  evidence  (Shagass  ot 
al.,  1978;  Neville  et  al.,  1978;  Kurtzberq  and  Vaughan,  1°79)  has 
also  demonstrated  that  differences  in  scalp  distribution  of  event 
related  potential  measurements  can  provide  significant  diagnostic 
or  discriminating  information  when  comparing  normal  and  abnormal 
subjects . 
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The  possibility  of  artifact  contamination  must  be  considered 
in  any  explanation  of  our  findings.  Szirtes  and  Vaughan  (1977) , 
while  admitting  that  the  CNV  paradigm  might  be  the  one  possible  way 
to  avoid  extra-cerebral  artifact  in  such  experimental  studies,  have 
argued  that  slow  potential  asymmetries  preceding  speech  are  most 
likely  due  to  variations  in  the  glosso-kinetic  potential.  Grozinger 
et  al.  (1977),  in  turn,  have  categorically  stated  that  Szirtes  and 
Vaughan  were  recording  skin  potentials  or  galvanic  skin  responses 
rather  than  glosso-kinet ic ,  palate  or  pharyngeal  muscle  activity. 
While  we  always  monitor  the  electro-oculogram  (our  computer  con¬ 
trolled  system  automatically  discards  any  trial  from  the  average 
which  is  contaminated  by  even  the  slightest  eye  movement)  we  have 
only  intermittently  used  recording  of  glosso-kinetic  potentials  to 
determine  their  possible  contribution  to  the  electrical  activity 
recorded  from  anterior  head  regions.  While  we  cannot  agree  with 
Grozinger  et  al.  that  the  slow  potentials  observed  by  Szirtes  and 
Vaughan  must  all  be  generated  in  the  skin,  neither  can  we  agree  with 
Szirtes  and  Vaughan  that  glosso-kinetic  potentials  account  for  most 
or  all  of  the  slow  potential  asymmetries  which  we  have  observed. 

In  the  absence  of  any  physiological  or  anatomical  evidence,  we  find 
it  very  difficult  to  credit  their  argument  that  asymmetrical  tongue 
movements  are  related  to  language  dominance.  When  we  have  employed 
glosso-kinetic  potential  recording  we  have  found  these  potentials 
to  be  much  shorter  in  duration  and  closer  to  the  time  of  articula¬ 
tion  than  our  early  segment  speech  CNV,  and  furthermore  they  were 
almost  never  asvmmet rical .  We  believe  that  the  most  parsimonious 
explanation  of  our  data  is  that  the  early  segment  speech  CNV  is  in 
fact  a  cerebrally  generated  potential. 

Another  possible  source  of  contamination  of  our  data,  particu¬ 
larly  with  the  electrode  placements  used,  is  lateral  eye  movement. 

It  is  well  known  that  reading,  as  required  by  our  speech  CNV  para¬ 
digm,  may  be  associated  with  saccadic  eye  movements  which,  in  turn, 
are  associated  with  event  related  potentials  in  the  brain.  As  in¬ 
dicated  above,  we  have  very  carefully  controlled  for  EOG  artifact 
in  our  recording  procedures.  Close  inspection  of  individual  word 
evoked  responses  reveal  that  while  they  are  often  asvmmet rical  with 
higher  amplitude  on  the  right  side  than  on  the  left,  their  various 
components  are  in  phase  over  the  two  hemispheres.  If  these  were 
being  generated  by  or  significantly  influenced  by  lateral  saccades 
(since  we  employed  a  contralateral  ear  reference) ,  the  potentials 
would  often  or  always  appear  to  be  more  or  less  equal  in  amplitude 
but  up  to  180°  out  of  phase  over  the  two  sides.  The  possibility 
remains  that  what  we  are  recording  as  word  evoked  potentials  may  be 
brain  potentials  related  to  very  small  saccadic  eye  movements. 

Whatever  the  final  explanation  for  the  asymmetries  and  local¬ 
ization  differences  observed,  these  studies  have  clearly  demonstrated 
that  MCD  children  as  a  group  show  greater  lateralization/localiza¬ 
tion  over  the  scalp  as  compared  to  normals.  This  appears  to  be 
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p.ii  I  leul  at  l  y  I  i  lie  lot  potentials  presumably  telated  t  *.»  vi:;ual  tune- 
tion#  teudimj  and  latujuat)*'  »jenet  at  ion .  It  is  possible  tlj.it  these 
t  iiulinijs  .  i  1 1 »  ,i  i  <‘l  livt  ion  ot  loss  than  normal  eotebial  i  nt  e»jt  at  i  on 
m  tht*  minimal  eetebtul  *ly  s  t  unet  i  on  syndrome,  and  this  may  l»t*  one 
it*t  l.vt  ion  ot  tin*  as  yet  eomplet  e  1  y  unknown  pat  hopliys  iolo»jy  ot  this 
d  i  sot  »l«*  t  . 


SUMMARY 
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in*l,  sprei'h  and  othet  tasks  presumed  to  einjaae  ptimarily  in  the  left 
***  *  i *  1  h t  hemisphete  has  been  applied  in  a  study  ot  twenty  nine  not 

ma  l  ehildten  and  sixteen  with  the  minimal  eetebtul  dys  t  unet  ion  syn- 
dtome.  The  e  l  eet  t  ophys  i  olo»|  ira  l  meant  es  i  no  I  tided  the  speeeh  PNV , 
evoked  p»  »t  «*n  t  i  a  1  ••  to  visually  pt  esent  ed  wot  d  r .  t  i  mu  1  i  ,  alpha  t  t  e»juoncy 
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vat  late  analysis  ot  the  data  (ineluditnj  stepwise  regression  and 
pt  i  ne  i  pa  1  romponrnt  analysis)  showol  no  roil.*,  i  st  «’iit  int  t ahem i sphet  ie 
eon  e  l  at  ions  anions  the  different  mrasiuvs.  MPU  ehildten  showed 
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t  han  not  ma  l  ell  i  Idi  en  . 
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INTRODUCTION 

Hemispheric  lateralization  of  cerebral  processing  of  various 
kinds  is  well  established,  but  the  electrophysiological  concomitants 
of  such  lateralization  have  proved  more  difficult  to  demonstrate. 

In  the  auditory  system  the  principal  projection  is  accepted  as  being 
to  the  temporal  cortex  contralateral  to  the  stimulated  ear,  but 
with  secondary  projection  to  the  ipsilateral  temporal  cortex. 
Lateralized  motor  resposes  are,  of  course,  even  more  clearly  a 
function  of  the  motor  cortex  contralateral  to  the  responding  limb. 

Lateral  evoked  potential  differences  to  auditory  stimuli  have 
been  studied  primarily  with  respect  to  the  N1  or  N1/P2  components. 
The  N1  component  has  been  generally  accepted  as  the  peak  negative 
deflection  occurring  in  the  period  80  to  140  msec  after  an  auditory 
stimulus  and  as  reflecting  the  processes  of  selective  attention. 

Its  amplitude,  either  with  respect  to  baseline  or  to  the  following 
P2 ,  is  largest  at  or  near  the  vertex  and  diminishes  progressively 
in  all  directions  from  that  point  (Vaughan  and  Ritter,  1970;  Kooi 
et  al.,  1971;  Picton  et  al.,  1974).  However,  Vaughan  and  Ritter 
have  suggested  that  its  real  origins  are  from  dipole  sources  located 
in  the  temporal  lobes  and  that  the  apparently  larger  amplitude  seen 
at  the  vertex  is  merely  the  effect  of  summation  there  of  volume 
conducted  signals  from  the  two  temporal  sources.  They  also  noted 
in  four  subjects  that  Nl  showed  a  slight  contralateral  predominance 
to  monaural  stimulation.  Similarly  increased  contralateral  ampli¬ 
tudes  for  Nl  were  reported  by  Tanguay  et  al.  (1977);  Hink  et  al. 
(1978);  Wolpaw  and  Penry  (1975;  1977).  The  last  named  authors  noted 
that,  in  addition  to  the  usual  vertex  Nl  component  at  105  msec, 
there  was  a  second  biphasic  component  at  T3  and  T4  which  was  more 
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asymmetric  than  the  first  and  had  a  latency  of  105-110  msec  for  the 
initial  positive  wave  and  of  150-160  msec  for  the  following  negative 
wave.  A  number  of  reports  suggest  that  apart  from  the  contralateral 
effect  there  is  also  a  tendency  for  there  to  be  a  right  hemisphere 
amplitude  predominance  (Peronnet  et  al.,  1974;  Tanguay  et  al.,  1977; 
Mononen  and  Seitz,  1976).  However,  not  all  studies  confirm  the 
contralateral  effect.  Picton  et  al.  (1974)  report  that  N1-P2  dis¬ 
tribution  is  the  same  whether  stimulation  is  monaural  or  binaural, 
and  Hasland  (1974)  and  Mononen  and  Seitz  (1976)  report  no  lateral 
predominance  to  monaural  stimuli.  There  have  also  been  several 
studies  which  have  reported  shorter  N1  latencies  over  the  contra¬ 
lateral  hemisphere  (Wolpaw  and  Ponry ,  1975;  Butler  et  al.,  1969; 
Spreng,  1971). 


bateralized  electrical  changes  associated  with  motor  tasks 
have  been  a  little  better  established.  A  clearly  lateralized  motor 
cortex  potential  accompanies  movement  of  a  contralateral  limb  and 
the  slow  Bereitschaf tspotential  which  precedes  voluntary  movements 
is  found  to  be  slightly  larger  over  the  hemisphere  contralateral  to 
the  responding  limb.  On  the  other  hand  the  CNV,  which  occurs  during 
warned  foreperiods,  has  not  shown  consistent  asymmetries  although 
there  have  been  one  or  two  reports  of  minor  asymmetries  over  central 
regions,  the  larger  amplitudes  being  held  to  occur  either  over  the 
hemisphere  contralateral  to  the  responding  hand  or  over  the  speech 
dominant  hemisphere  when  an  appropriate  task  was  employed  (Butler 
and  Glass,  1971,  1974;  Otto  and  heifer,  1973;  tow  et  al.,  1976; 
Rohrbauqh  et  al .  ,  1976;  Curry  et  al.,  1978). 


The  present  study  investigates  hemisphere  involvement  in  audi¬ 
tory  processing  and  in  preparation  for  motor  response.  It  was 
hypothesized  that  asymmetries  would  be  found  in  EP  and  slow  poten¬ 
tial  components  depending  on  the  ear  of  stimulation  and  the  later¬ 
alization  of  motor  responses  and  that  the  relatively  long  latency 
range  normally  allocated  to  evoked  potentials  referred  to  as  N1 
might  be  concealing  the  fact  that  more  than  one  component  was  occur¬ 
ring  during  this  period.  Given  that  the  existence  of  two  or  more 
components  could  be  established  it  was  hoped,  by  studying  their 
relative  distributions,  to  shed  more  light  on  the  systems  involved 
and  their  functions. 


METHOD 


Evoked  Potential -CNV'  Paradigm 

Eighteen  subjects,  seven  male  and  eleven  female,  wen'  tested. 
Twelve  subjects  classed  themselves  as  right-handed  and  six  as  left 
Each  subject  was  required  to  listen  to  a  series  of  trials  in  which 
a  30  msec  warning  tone  was  followed  1.5  sec  later  by  a  500  msec 
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1000  Hz  tone.  The  warning  tone  could  be  either  high  (1600  Hz)  or 
low  (600  Hz),  and  all  stimulus  pairs  were  delivered  monaurally. 

The  high  and  low  warning  tones  and  the  ear  of  stimulation  were  var¬ 
ied  according  to  a  pseudo-random  sequence  which  was  the  same  for 
all  subjects.  Subjects  were  instructed  that  if  the  warning  signal 
was  high  they  were  to  terminate  the  following  1000  Hz  tone  as  rapid¬ 
ly  as  possible  by  pressing  a  button  with  the  hand  ipsilateral  to 
the  stimulated  ear.  If  the  warning  signal  was  low  they  were  to  use 
the  button  in  the  hand  contralateral  to  the  stimulated  ear  to  ter¬ 
minate  the  1000  Hz  tone.  Stimuli  were  delivered  at  approximately 
60  dB  to  each  ear.  All  subjects  had  normal  hearing  in  the  frequency 
ranges  used  and  all  reported  that  the  intensity  of  stimuli  was  sub¬ 
jectively  equal  in  both  ears. 

During  the  task,  evoked  potentials  and  slow  potential  changes 
were  recorded  from  Ag/AgCl  electrodes  located  at  positions  Fpz,  T3 , 

T4 ,  T5 ,  T6 ,  C3,  C4  and  Cz  of  the  international  10:20  system.  Lateral 
electrodes  were  referred  to  the  contralateral  mastoid  process;  Fpz 
was  referred  to  the  right  mastoid,  and  Cz  was  referred  separately 
to  both  left  and  right  mastoids.  Further  pairs  of  electrodes  on 
the  forearms  recorded  the  EMG  to  button  pressing. 

Primary  recording  was  by  a  modified  16  channel  Elema-Schonander 
Mingograph  using  5  sec  time  constants  and  70  Hz  filters.  Two  second 
epochs  of  time,  starting  100  msec  before  each  warning  tone,  were 
sampled  for  all  channels  and  stored  by  a  PDP-12  computer  on  digital 
tape  at  a  resolution  of  8  msec  per  point.  Subsequently  averages 
were  computed  for  twenty  trials  of  each  of  the  following  four  condi¬ 
tions:  (1)  Left  ear  stimulation  -  left  hand  press;  (2)  Right  ear 

stimulation  -  right  hand  press;  (3)  Left  ear  stimulation  -  right 
hand  press;  (4)  Right  ear  stimulation  -  left  hand  press.  Reaction 
time  (RT)  was  recorded  on  each  trial,  and  mean  RT  values  were  cal¬ 
culated  for  each  of  the  four  conditions.  Trials  on  which  there  was 
excessive  eye  movement  or  other  artifact  were  rejected  on-line. 

The  same  experimental  paradigm  was  also  presented  to  one  patient 
in  whom  intracerebral  gold  electrodes  had  been  implanted  for  thera¬ 
peutic  purposes.  The  presence  of  high  amplitude,  infra-slow  activity 
at  these  electrodes  necessitated  the  use  of  a  relatively  short  (0.6 
sec)  time  constant  in  this  case.  Recording  was  from  an  anterior- 
posterior  array  of  electrodes  located  subdurally  over  the  fronto¬ 
temporal  regions  of  the  right  hemisphere  and  from  selected  electrodes 
in  the  depths  of  the  frontal  lobes.  Each  electrode  was  150  microns 
in  diameter  and  4  mm  long. 

Subjects'  lateral  preferences  were  assessed  using  the  Edinburgh 
Inventory  (Oldfield,  1971) ,  and  measures  of  auditory  lateralization 
were  made  using  a  dichotic  listening  task  which  required  them  to 
listen  to  sequences  of  six  digits  presented  in  pairs  from  pre- 
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recorded  tape.  The  two  digits  of  a  pair  were  presented  simulta¬ 
neous  iy,  one  to  each  ear.  The  task  was  to  repeat  as  many  as  possi¬ 
ble  of  the  six  digits  after  each  sequence.  Two  balanced  sets,  each 
of  twenty-five  groups  of  six  digits  were  presented.  The  headphones 
were  reversed  between  the  two  sets  to  control  for  any  possible 
intensity  differences  or  instrumental  inequalities.  Three  measures 
were  used:  (1)  a  percentage  difference  of  correctly  reported  digits 
for  each  ear;  (2)  a  measure  of  ear  reported  first;  (3)  a  measure 
of  absolute  performance  (i.e.,  percent  correct  irrespective  of  ear). 


Evoked  Potential  Paradigm 

Based  on  the  results  of  the  experiment  already  described,  a 
further  ten  subjects  were  tested  in  various  auditory  paradigms  to 
determine  more  precisely  the  latency  and  distribution  of  the  audi¬ 
tory  EP  components  seen  and  the  validity  of  using  the  contralateral 
mastoids  as  reference.  Each  subject  received  minimally  two  series 
of  30  msec,  1000  Hz  60  dB  tone  pips  delivered  irregularly  at  a  mean 
rate  of  one  every  4  sec  to  left,  right  or  both  ears  in  a  pseudo¬ 
random  sequence.  To  one  series  he  listened  without  responding,  and 
to  the  other  he  pressed  immediately  a  button  with  the  hand  ipsi lat¬ 
eral  to  the  stimulated  ear,  making  no  press  if  the  stimuli  were 
binaural.  In  one  subgroup  of  five  subjects  electrodes  were  located 
at  C3,  C4,  T3 ,  T4 ,  Al  and  a2  and  were  referred  (a)  to  a  balanced 
noncephalic  reference  as  described  by  Stephenson  and  Gibbs,  1951; 
Lehtonen  and  Koivikko,  1971;  Wolpaw  and  Penry,  1975) ,  (b)  to  the  tip 
of  the  nose,  and  (c)  to  contralateral  mastoids.  Oculograms  were 
recorded  from  electrodes  at  the  nasion  and  right  outer  canthus.  In 
the  remaining  subjects  further  electrodes  were  added  to  give  a  com¬ 
plete  coronal  chain  with  10%  interaural  spacing,  plus  left  and  right 
neck  electrodes  10%  below  the  pre-auricular  level,  together  with 
Fpl ,  Fp2 ,  F7,  Fz ,  F8,  T5  and  T6.  Recording  conditions  were  other¬ 
wise  as  described  for  the  first  experiment. 


RESULTS 


Measures  and  Analysis 

Preliminary  analysis  of  the  time  interval  normally  attributed 
to  the  N1  response  revealed  three  negative  components  with  differ¬ 
ing  distributions  which  we  have  defined  as  peak  negative  values  in 
the  following  latency  brackets:  Nla  (60-90  msec),  Nib  (95-115  msec) 
and  Nlc  (116-150  msec) .  Latency  and  amplitude  measures  were  made 
for  each  of  these  components  together  with  N2  and  P3.  Three  measures 
of  CNV  amplitude  were  made:  early  CNV  -  from  400  to  950  msec  after 
Si;  late  CNV  -  from  950  to  1500  msec  after  Si;  'standard'  CNV  - 
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from  1300  to  1500  msec  after  Si.  Each  measure  was  expressed  as  a 
mean  value  for  the  period  concerned.  Difference  measures  were  cal¬ 
culated  for  each  component  measure  at  homologous  electrode  sites 
(e.g.,  T3-T4) .  Additionally  a  more  general  hemisphere  asymmetry 
score  was  calculated  by  summing  the  difference  scores  for  all  homol¬ 
ogous  electrode  pairs.  All  amplitudes  were  measured  with  respect  to 
a  baseline  calculated  as  the  mean  amplitude  level  over  the  1.0  sec 
prior  to  SI. 

All  primary  measures  were  initally  analyzed  using  a  four-way 
ANOVA  (sex  X  hand  X  electrode  X  condition) .  Where  permissible 
separate  one-way  ANOVAs  were  performed  to  illuminate  the  main  effects. 
A  posteriori  contrasts  were  made  using  a  Duncan  multiple  range  test. 
Significance  levels  for  these  and  all  subsequent  procedures  were 
p  <  0.05.  Pearson  product  moment  correlations  were  performed  on 
selected  pairs  of  variables.  The  CNV  measures  were  subjected  to  a 
stepwise  discriminant  analysis  (SPSS  Version  7)  in  an  attempt  to 
discriminate  the  experimental  conditions. 


EP-CNV  Paradigm 

Evoked  potentials .  Nla  appeared  primarily  at  the  temporal 
electrodes  and  at  Fpz  with  a  mean  latency  to  peak  over  all  elec¬ 
trodes  of  75  msec.  Its  mean  latency  diminished  anteriorly,  being 
shortest  at  Fpz  and  longest  over  central  regions  where  it  was  only 
measurable  on  about  half  of  the  averages,  usually  as  a  slight  in¬ 
flection  on  the  ascending  part  of  the  second  negative-going  compo¬ 
nent  (Nib) .  Nla  was  larger  in  the  left  hemisphere  of  right-handed 
subjects  and  in  the  right  hemisphere  of  left-handed  subjects.  Its 
amplitude  was  approximately  -5  to  -7  pV  in  anterior  and  temporal 
areas,  but  was,  when  measurable,  more  variable  over  central  regions 
where  it  could  range  from  -4  to  more  than  -15  pV. 

Nib  had  a  mean  latency  of  106  msec  and  was  distinguished  as  a 
separate  component  both  on  the  basis  of  its  later  occurrence  and  its 
distribution.  It  was  measurable  most  consistently  over  central 
electrodes  where  its  mean  amplitude  was  -16pV.  At  temporal  elec¬ 
trodes  it  was  measurable  on  less  than  half  the  averages  and  at  Fpz 
on  only  one  sixth.  At  C3  and  C4 ,  amplitudes  were  larger  over  the 
hemisphere  contralateral  to  the  stimulated  ear,  but  this  difference 
failed  to  reach  significance.  However,  amplitude  asymmetries  were 
significantly  related  to  handedness,  larger  values  being  associated 
with  the  hemisphere  contralateral  to  the  preferred  hand,  particular¬ 
ly  in  the  left-handers.  Latencies  showed  no  clear  distribution 
pattern  but  were  significantly  shorter  in  the  hemisphere  contra¬ 
lateral  to  the  preferred  hand.  At  C3  and  C4  there  was  also  a  signi¬ 
ficant  relationship  between  Nib  latency  and  the  hand  used  for  res- 
the  shorter  latency  was  at  the  contralateral  electrode. 
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The  third  negative  component  (Nlc)  had  a  mean  latency  of  129 
msec  and  was  significantly  larger  over  the  hemisphere  contralateral 
to  the  stimulated  ear.  It  was  measurable  on  82%  of  the  averages 
from  temporal  electrodes  and  75%  of  averages  from  Ppz,  but  on  only 
50%  of  the  averages  from  central  electrodes,  where  it  could  appear 
either  as  an  extension  of  Nib  or  as  a  separate  peak.  Nla  amplitudes 
were  also  significantly  larger  and  latencies  significantly  shorter 
in  the  hemisphere  ipsilateral  to  the  preferred  hand.  Although  this 
component  was  seen  most  consistently  over  temporal  regions  its  mean 
amplitude  at  temporal  electrodes  was  approximately  -8  mV  compared 
with  -13  to  -16  uV  at  central  electrodes.  At  first  it  seemed  possi¬ 
ble  that  Nib  might  be  the  result  of  a  fusion  of  the  Nla  and  Nlc 
components,  but  this  proved  to  be  unlikely  as  in  many  instances 
all  three  negative  peaks  could  be  separately  distinguished  at  the 
same  electrode. 

The  Nl  series  of  components  was  followed  by  the  usual  P2,  N2 , 

P3  complex,  the  mean  latencies  being  182,  226  and  302  msec,  res¬ 
pectively.  No  significant  hemisphere  effect  was  found  for  N2;  P3 
showed  a  slight  predominance  contralateral  to  the  ear  of  stimula¬ 
tion,  but  this  did  not  reach  significance.  P2  showed  consistently 
higher  mean  amplitudes  contralateral  to  the  ear  of  stimulation. 

Mean  hemisphere  differences  were  in  the  order  of  1-2  mV,  but  we  are 
at  this  stage  unable  to  say  whether  this  difference  is  significant. 

In  addition  to  the  condition  and  hand  effects,  some  sex  dif¬ 
ferences  emerged.  Males  showed  significantly  larger  amplitudes 
for  components  NIB,  NIC  and  N2  and  females  for  P3 .  Females  also 
showed  significantly  shorter  latencies  for  NlA. 

Fig.  1  a-d  illustrates  averages  across  all  subjects  of  the 
waveforms  elicited  by  the  four  conditions.  Fiq.  2  gives  in  histo¬ 
gram  form  the  amplitude  values  for  each  of  the  components  measured 
in  each  of  the  experimental  conditions,  including  amplitude  differ¬ 
ences  between  homologous  electrode  pairs. 


CNV 

The  group  as  a  whole  produced  "normal"  CNVs,  the  mean  vertex 
amplitude  for  the  late  and  standard  CNV  measures  being  -15  mV. 
Asymmetries  of  late  and  standard  CNV  measures  were  noted  between 
homologous  electrode  pairs,  these  being  highly  significant  between 
C3  and  C4.  The  larger  amplitudes  were  found  over  the  hemisphere 
contralateral  to  the  responding  hand.  Examination  of  subgroups 
showed  that  asymmetries  were  significantly  larger  when  subjects 
used  their  preferred  hand,  particularly  in  left-handers  and  in  the 
ipsilateral  press  condition.  Late  CNVs  were  significantly  larger 
in  females  than  males. 
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The  early  component  of  the  CNV  was  seen  prominently  at  Fpz . 

It  was  present,  and  relatively  symmetrical  over  central  and  temporal 
regions,  diminishing  posteriorly  to  -1  pV  at  T5  and  T6.  Early  CNV 
amplitude  showed  no  consistent  relationship  to  the  hand  used  for 
pressing  but  showed  a  similar  relationship  to  handedness  as  that 
displayed  by  the  late  CNV. 

Performance .  Mean  reaction  times  (RT)  for  the  four  conditions 
were:  (1)  Stim.  left/press  left:  186  msec;  (2)  Stim.  right/Press 

right:  190  msec;  (3)  Stim.  left/Press  right:  203  msec;  (4)  Stim. 
right/Press  left:  195  msec.  RT  in  condition  3  was  significantly 
different  from  that  in  the  other  conditions,  but  overall  RT  showed 
no  significant  correlations  with  any  of  the  CNV  or  EP  measures. 

Lateral  preferences .  The  mean  Laterality  Quotient  (LQ)  for 
the  right-handers,  assessed  by  their  scores  on  the  Edinburgh  Inven¬ 
tory,  was  +85,  and  for  the  six  left-handers  the  mean  LQ  was  -64  and 
confirmed  subjects'  self-reports  of  handedness. 

The  first  dichotic  listening  test  measure  was  based  on  a  per¬ 
centage  difference  between  reported  digits  in  the  right  and  left 
ears.  The  mean  score  for  the  group  was  -29  indicating  a  moderate 
right  ear  advantage.  It  was,  however,  only  possible  to  administer 
the  test  to  twelve  subjects,  of  whom  eight  showed  a  right  ear  ad¬ 
vantage,  two  a  left  ear  advantage  and  for  two  the  difference  was 
zero.  The  second  measure  indicated  that  right  ear  digits  were  re¬ 
ported  first  by  nine  subjects  and  left  ear  digits  by  three  subjects. 
No  clear  relationship  to  handedness  emerged.  The  mean  level  of 
correctly  reported  digits  was  77%,  males  performing  significantly 
better  than  females  in  the  ratio  of  91%:  70%.  Neither  of  the  ear 
advantage  measures  was  significantly  related  to  any  of  the  other 
experimental  variables. 


EP  Paradigm 

The  results  from  the  second  phase  of  the  experiment  confirmed 
the  contralateral  predominance  of  Nib  and  Nlc  and  the  distributions 
of  components  as  seen  in  the  first  phase  of  the  experiment  (see  Fig. 
3) .  The  improved  resolution  (2  msec  per  point)  permitted  more  ac¬ 
curate  measurement  of  latencies  of  the  three  principal  negative 
components  which  emerged  as  :  -Nla:  60-78  msec;  Nib:  90-104  msec; 
Nlc:  118  msec.  The  additional  electrodes  at  Fpl;  Fp2;  F7  and  F8 
also  confirmed  the  frontal,  as  well  as  temporal,  distribution  of 
Nla. 


The  three  different  references  used  in  this  study  produced 
very  similar  results.  From  Fig.  3  it  can  be  seen  that  the  nonceph- 
alic  and  contralateral  mastoid  references  produce  the  closest  cor¬ 
respondence  in  both  waveform  and  amplitude.  Reference  to  the  nose 
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Fig.  1.  Averages  across  all  subjects  and  all  conditions.  Thickness 
of  line  indicates  the  electrode  from  which  each  trace  of  a  pair  is 
derived.  The  ear  of  stimulation  followed  by  the  hand  of  response 
are  indicated  immediately  above  the  EMG  trace  for  each  of  the  four 
conditions . 
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NIP-NIB  -NIC-  Pi  •  Ni  ■  P3  -CCNV-LCNV 


Fig.  2.  Histogram  bars  show  mean  amplitude  of  each  component  for 
each  condition  across  all  subjects.  On  right  are  amplitude  differ 
ences  between  homologous  pairs  of  electrodes. 
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resulted  in  very  slightly  lower  amplitudes  and  a  tendency  for  the 
Nla  component  to  disappear. 

The  coronal  chain  of  electrodes  used  showed  no  reversal  of  the 
N1  series  of  components  below  the  level  of  the  Sylvian  fissure  as 
reported  by  Vaughan  and  Ritter  (1970)  . 


Intracerebral  Evidence 

Recordings  were  made  from  the  patient  with  intracerebral  gold 
electrodes  using  both  the  original  paradigm  and  the  later  higher 
resolution  EP  paradigm.  The  electrodes  displaying  the  most  promi¬ 
nent  auditory  EPs  were  those  on  the  cortical  surface  of  the  right 
hemisphere  and  five  electrodes  close  to  the  orbital  surface  of  the 
right  frontal  lobe. 

Although  CNVs  could  be  discerned  at  a  number  of  sites  in  the 
EP-CNV  paradigm,  the  relatively  short  time  constant  used  and  the 
presence  of  infra-slow  activity  made  their  evaluation  uncertain. 

N0N-CEPH0LIC  NOSE  CONTRO-flOST 


OVERAGE  PCROSS  SUBJECTS 
AND  CONDITIONS  (N=S> 

Fig.  3.  Comparison  of  balanced  noncephalic,  nose  and  contralateral 
mastoid  references  for  simultaneously  recorded  averages  across  five 
subjects . 
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KPs  at  the  ooi  t  ieal  e  loot  rodes  displayed  a  posit  iv»*  component 
with  peak  latency  at  M*l  iu.-.iv,  a  prominent  lunj.it  ivo  component  peak- 
iiuj  at  l  U*  mstv  and  a  latei  positive  complex  with  a  peak  latency  ot 
IMM  msec.  In  tin*  1T-CNV  paradigm  the  negative  p«*ak  tended  to  he 

l. itijei  in  amplitude  to  left  eai  (i.e.,  contralateral)  than  to  right 
eat  st  imulat  ion .  In  tin*  orhit.il  regions  ot  the  trontal  lobe  the 
most  medial  e  l  eet  rode ,  (*•!  ,  showed  an  IT  complex  geneially  snnilai 

in  torm  atul  latency  to  that  seen  at  the  super ioi  cortical  electrodes. 
Othet  evidence  suggested  that  t  hi::  elect  nule  was  in  oibital  ijray 

m. itt«*r.  The  font  other  elect  fixies  examined  showed  a  wavetonn  which 
was  virtually  phase  reveiseil  with  respect  to  t  hose  at  the  cortex. 
These  electrodes  were  thought  to  he*  adjacent  to  tin*  l  owe  1  oi  bit  al 
cortical  layers,  probably  in  white*  mattei.  The  latencies  ot  the 
principal  component  s  were  approx  imat  e  l  v  lb  ms.ee  short ei  tv'  lc*tt 
than  to  i  ight  e.n  st  imulat  ion  (see  Pig.  *1)  . 


DISCUSS  ION 


The  first  ot  tin*  hypotheses  tested,  namely  that  lotnjet  latency 
evoked  pot  ent  ials  to  monaurallv*  presented  st  imuli  would  show  an 
amplitude*  predominance  ovet  the  rout  talate  il  hemispheie  has  re¬ 
ceived  cleat  supj'oi  t  t  tom  the  study.  Moth  the  Nib  and  Nle  compo¬ 
nent  s  sliow  this  asymmetry*  and  there  are  indicat  ions  that  it  may  be* 
present  to  a  lessei  extent  tv't  P.'  and  Pi.  There  have,  howevei  ,  been 
iinlieations  in  s.onu*  ot  out  pilot  and  aneilliary  stmlie:;  that  this 
asymmet ry  can  vary  subst ant  i a  1 1 y  with  i at e  ot  stimulus  present  at  i on , 
and  st  imulus  churactet  is.t  ics  ami  is.  int  1  uencevl  by  tin*  inclusion  ot 
a  mot ot  response. 

Tin*  st'coinl  hypothesis  tested,  namely  that  the  component  t  re- 
ijuent  ly  ret'errc'il  t  o  as  N1  is  not  a  simple  discrete  ent  itv  but  is 
composed  ot  at  least  t  wo  separate  elements,  received  support  .  Three 
relatively  i ndependent  component  s  have  emerged:  Hu*  t rout o-t emporal 
Nla  with  a  pi edom i nance  ovet  the  hemisphere  eont t a l at e t a  1  t o  the 
protected  hand,  the  central  Nib  which  seems  tv'  appt ox imat e  most 
closely  tv>  what  is  usually  regarded  as  the  vertex  auditoty  response 
atul  Nlc  which  is  prominent  tempoially. 

What  tunetii'n  is.  tel  looted  by  the  Nla  component  i-;  difficult 
to  determine.  Tin*  slight  predomi nance  in  the  lett  hemisphete  v't 
i ight  -hander s  atul  in  the  light  hemisphere  v't  let  t  -hander s  suggest  s 
that  it  may  be  sensitive  tv'  lateral  I'letoronoe.  It  is.  v't  particular 
intetest  that  it  is  one  v't  the  few  late*  IT  compv'nent  s  tv'  have  a 
frontal  rather  than  a  eentro-pariet.il  d  i  st  r  i  but  ion .  In  t  he  i  i  out  - 
line  v't  the  scalp  t  opogt  aphy  v't  aiulitory  PPs ,  Cv't  t  v*t  al.  (l*'77), 
usitut  bin.iui.il  st  imulat  iv'n,  dist  iuguished  a  negat  ive  cv'mpv'iu*nt  at 
7S  msec  the  di st t i but  ion  ot  which  was.  simil.n  in  many  respects  tv' 
that  v't  Nla.  They  speculated  that  this  component  might  In*  myogenic 
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Pm.  .1.  Kvoko.t  potentials  i  ooonioit  int  i  .iivn-l'i  n  11  y  to  in'  .ill  monaural 
t  .'Mi'  pips  in  .'no  f  111.1I0  pat  iont  .  1'atk  t  i  .u'i'  ituiioatos  i  iuht  mi 
st  imitlnl  ion,  li.jht  I  i  ,nv  loft  om  stimulation.  V.u-li  t  raoo  is  an 
avornue  forty  trials. 


in  i)i  min.  tlowovoi  ,  nil  out  oviilouoo  points  to  t  ho  t  not  thnf  Nla 
lias  core  In  a  1  or  i«j  i  ns  .  Thoro  .no  sonio  onily  i  ml  i out  i ons  flint  it 
appoat  s  most  oonsistontly  whoti  stimuli  oontain  intoimat  ion  nl'out  t  ho 
si, I,.  ot  tosponso  whothot  immoiiiato  oi  .lolnyml.  Anothoi  tonturo 
link  inn  it  with  the  so  loot  ton  ot  t  ho  solo  ot  response  is  t  ho  taet 
dint  it  is  siuni  ftcant  ty  target  in  ampl.  itmio  in  t  ho  homisphoto  otoss 
over  conditions  (  1)  nn.l  (■!). 

Tho  distribution  ami  amplitude  ot  Nil'  indicated  a  oonttnl 
pi  edom  i  ttnnoo  ,  nlthou.jh  tho  tolnt  ivoly  oonst  nnt  lntonoy  pattern 
suggested  its  dependence  upon  mot  o  genet al  activation  1 1  om  lowoi 
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systems.  Like  Nla  it  tended  to  increase  in  amplitude  in  the  cross¬ 
over  conditions  (3)  and  ('1).  Its  amplitude  predominance  in  the 
hemisphere  contralateral  to  the  stimulated  ear  and  its  shorter 
latency  in  the  hemisphere  contralateral  to  the  hand  selected  for 
response  might  suggest  that  it  plays  a  key  processing  role  between 
stimulus  and  response. 

Nlc  is  probably  the  same  component  as  that  identified  by  Wolpaw 
and  Penry  (1970)  as  the  Tb  component  of  their  T  complex.  Its 
latency  is  slightly  shorter  than  that  originally  attributed  to  Tb, 
but  Wolpaw  and  Penry  regarded  this  as  lengthened  by  the  filters  used 
in  the  early  experiment.  They  report  that  recording  with  a  differ¬ 
ent  filter  decreased  latencies  by  10-15  msec.  We  discerned  no  con¬ 
sistent  positive  component  at  T3  and  T4  which  could  be  equated  with 
their  Ta  component.  However,  we  noted  that  in  subjects  with  a 
prominent  blink  potential  the  positive  peak  of  that  potential  had  a 
latency  of  about  95  msec  and  could  be  seen  in  an  attenuated  form  at 
T3  and  T4.  It  would  seem  that  in  any  experiments  in  which  Ta  is 
to  be  studied  as  one  of  the  variables,  adequate  control  for  eye 
movements  should  be  a  prerequisite.  The  origins  and  distribution  of 
NIC  are  still  far  from  clear.  We  would  wish  to  view  it  as  predom¬ 
inantly  temporal  by  virtue  of  its  higher  incidence  in  those  regions 
and  its  significantly  larger  amplitudes  and  shorter  latencies  contra¬ 
lateral  to  the  stimulated  ear.  However,  on  those  occasions  when  it 
could  be  recorded  over  central  regions  the  mean  amplitudes  there 
were  larger  and  the  mean  latencies  shorter  than  elsewhere.  It  is 
possible  that  ttiis  apparent  anomaly  could  bo  explained  by  a  strong 
sequential  dependency  upon  the  immediately  preceding  large  Nib  com¬ 
ponent  almost  invariably  seen  in  such  cases.  This  is  to  some  extent 
a  measurement  problem  which  will  require  resolution  in  future  experi¬ 
mental  ion . 

The  previously  reported  general  tendency  for  a  right  hemisphere 
amplitude  predominance  of  N1  was  not  confirmed  by  this  study.  The 
only  consistent  pattern  across  homologous  electrode  pairs  was  for  Nla 
to  be  slightly  larger  in  the  left  hemisphere,  the  mean  value  of  ttiis 
asymmetry  being  0.8  uV.  Nib  was  the  only  component  to  show  a  mean 
asymmetry  fav  ring  the  right  hemisphere,  but  this  occurred  at  tem¬ 
poral  electrodes  only;  C3-C4 ,  where  the  component  was  largest, 
showed  a  slight  left  hemisphere  predominance  (0.5  uV) . 

The  study  provides  no  support  for  the  Vaughan  and  Ritter  (1970) 
view  that  the  vertex  auditory  response  is  a  simple  summation  of 
volume  conducted  signals  from  dipole  sources  in  the  temporal  lobes. 
The  principal  temporal  component  is  of  a  longer  latency  than  the 
principal  vertex  component,  and  we  failed  to  find  any  convincing 
evidence  of  polarity  reversals  occurring  below  the  level  of  the 
Sylvian  fissure.  Our  evidence  suggests  that  in  some  subjects  the 
nose  constitutes  an  active  electrode  and  that  ttiis  is  the  most 
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likely  explanation  of  those  cases  in  which  reversals  have  previously 
been  reported. 

The  experimental  paradigm  used  produced  the  most  consistent, 
if  relatively  small,  lateralization  of  the  CNV  that  we  have  so  far 
encountered.  Both  the  "standard"  and  "late"  CNV  amplitude  measures 
showed  this  asymmetry,  the  higher  amplitude  being  over  the  hemisphere 
contralateral  to  the  responding  hand.  This  was  most  prominent  over 
the  central  electrodes  but  could  also  be  seen  to  a  smaller  degree 
over  temporal  locations.  In  this  respect  it  contrasts  with  the 
asymmetries  seen  in  the  Bereitschaf tspotential  (BP)  which  precedes 
voluntary  movement.  Although  lateral ized  over  central  and  motor 
areas  in  conditions  of  unilateral  pressing,  BP  asymmetries  are  not 
generally  reported  over  temporal  areas.  The  results  of  the  stepwise 
discriminant  analysis  produced  a  discriminant  function  based  pri¬ 
marily  on  central  CNV  measures  which  were  particularly  effective  in 
identifying  conditions  by  hand  of  response,  but  less  effective  in 
identifying  them  by  ear  of  stimulation. 

In  a  subsequent  analysis  in  which  the  four  conditions  were 
reduced  to  two,  based  only  on  hand  of  response,  the  discriminant 
function  obtained  successfully  classified  801.  of  the  cases. 

The  paradigm  chosen  for  the  experiment  emerged  as  a  useful  one 
for  distinguishing  those  electrophysiological  phenomena  associated 
with  processing  the  auditory  warning  signal  from  those  concerned 
with  preparation  for  the  motor  response.  The  amplitude  picture  would 
suggest  that  up  to  and  including  the  P300  the  system  is  evaluating 
the  information  contained  in  the  warning  signal  and  that  processing 
predominates  in  the  hemisphere  more  directly  connected  with  the  sen¬ 
sory  organ,  i.e.,  the  hemisphere  contralateral  to  the  stimulated  ear. 
Thereafter  the  hemisphere  concerned  with  the  motor  response  tends  to 
predominate.  When  the  hand  ipsilateral  to  the  stimulated  ear  is  to 
be  used  both  kinds  of  processing  remain  in  the  same,  contralateral 
hemisphere.  When  the  hand  contralateral  to  the  stimulated  ear  is  to 
be  used  the  transfer  from  the  sensory  to  the  motor  hemisphere  is  re¬ 
flected  in  a  crossover  of  the  rising  negative  shift  such  that  it  ul¬ 
timately  predominates  in  the  hemisphere  contralateral  to  the  hand  to 
be  used.  Nevertheless  the  latency  pattern  of  Nib,  and  its  ability  to 
indicate  the  hand  due  to  be  used  for  pressing,  argue  against  taking 
too  simplistic  a  view  of  the  stage  at  which  the  major  responsibility 
for  processing  passes  from  one  hemisphere  to  the  other. 


SUMMARY 

Eighteen  subjects  with  scalp  electrodes  and  one  patient  witli 
intracerebral  electrodes  were  tested  in  a  warned  foreperiod  reaction 
time  paradigm  in  which  Si  was  a  high  or  low  monaural  tone  pip  which 
indicated  whether  the  ipsilateral  or  contralateral  hand  was  to  be 
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used  to  respond  tv'  ;t.' ,  a  tone  ot  int  e  tinodi  at  e  t requeney  presented 
1  .  b  see  after  SI  . 

A  flirtin'!  lit  ou]>  of  subjects  was  tested  with  monaural  and 
binaural  stimuli  m  both  passive  listenin'!  and  immediate  response 
situations  recording  from  a  coronal  chain  of  electrodes  with  three 
di  f  t ('lent  t  e forenoon  . 

The  evoked  potentials  to  til  in  the  latency  bracket  ot  l<0-l*10 
msec  weie  found  t o  consist  ot  throe  distinct  component s :  an  cat ly 
f rent o-tomporal  component,  a  middle  latency  central  component  and 
a  later,  essentially  temporal  component  ,  the  last  two  prodomi  tint  I  no 
''vei  the  hemisphere  cont ralat oral  to  the  stimulated  ear.  No  support 
was  t ound  tot  tlv  view  that  vertex  auditory  responses  are  simple 
summations  ot  temporal  lobe  responses. 

Tht'  t'NY  which  developed  between  SI  and  ;i .'  was  ot  s iqtii  t icaut  ly 
highoi  amplitude  ovet  the  hemisphere  contralateral  to  the  hand  re¬ 
quired  for  response. 
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DIFFERENT  VARIANTS  OF  ENDOGENOUS  NEGATIVE  BRAIN  POTENTIALS  IN 
PERFORMANCE  SITUATIONS:  A  REVIEW  AND  CLASSIFICATION 


R.  Naatanen  and  P.T.  Michie 
University  of  Helsinki 
Helsinki,  Finland 


INTRODUCTION 

After  the  discovery  of  the  CNV  (Walter  et  al.,  1964),  the 
existence  of  many  other,  mainly  endogenous  negative  shifts  have 
been  claimed  in  different  situations.  The  common  feature  of  these 
ERPs  is  their  unclear  relationship  to  the  original  CNV  and,  of 
course,  to  each  other.  The  present  paper  attempts  to  list  these 
negative  shifts  and  shed  some  dim  light  on  the  question  of  their 
mutual  relationships. 


ENDOGENOUS  NEGATIVE  POTENTIALS  AS  SEPARATED 
MAINLY  ON  THE  BASIS  OF  SITUATION  OR  PERFORMANCE 

CNV,  readiness  potential,  Sl-related  slow  negativity.  In  1965 
the  existence  of  a  long-duration  premotion  negative  shift  called 
Bereitschaftspotential  (readiness  potential,  RP) ,  quite  closely 
resemblinq  the  CNV,  was  reported  (Kornhuber  and  Deecke,  1965). 
Thereafter  these  two  negativities  have  lived  in  peaceful  coexistence 
and  mutual  respect,  often  being  studied  without  the  necessary  meth¬ 
odological  and  theoretical  integration.  Every  now  and  then  the 
question  of  their  mutual  relationship  was,  however,  raised  mainly 
because  of  their  conspicuous  similarities.  Both  are  negative 
shifts  of  quite  long  duration.  Both  have  a  central  focus  approxi¬ 
mately  at  the  vertex.  Res  show  a  clear  asymmetry,  with  a  larger 
amplitude  contralateral  to  the  responding  limb  (this  difference 
being  maximal  over  the  respective  motor  area) ;  this  asymmetry  starts 
during  the  long  negative  ramp  several  hundreds  of  milliseconds 
before  the  EMG  onset  (Deecke  and  Kornhuber,  1977).  Many  CNV  studies 
have  also  shown  such  an  asymmetry,  but  less  clearly  (for  a  review, 
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see  Donchin  et  al. ,  1978).  RPs  only  exist  during  preparation  for  a 
movement,  whereas  the  latter  condition  has  proven  ideal  for  elicit¬ 
ing  a  CNV.  In  fact,  there  has  been  some  dispute  as  to  whether  a 
CNV  can  ever  be  completely  nonmotor  (see  Donchin  et  al.  ,  1978) . 

Many  of  the  factors  affecting  the  amplitude  of  the  CNV  also  affect 
the  amplitude  of  RPs,  such  as  motivation  (for  a  review  emphasizing 
these  similarities,  see  McAdam,  1973). 

Besides  (1)  the  eliciting  paradigm  (and  the  often  larger  ampli¬ 
tude  of  the  CNV) ,  there  have  been  at  least  the  following  two  impor¬ 
tant  differences  between  the  two  shifts:  (2)  A  morphological  differ¬ 
ence:  whereas  RPs  show  a  ramp-like  rise,  the  CNV  often  develops 
abruptly;  (3)  A  topographical  difference:  contrary  to  RPs,  the  CNV 
usually  has  a  high  frontal  amplitude  especially  when  measured  at  an 
early  phase.  It  appears  to  be  mainly  due  to  these  three  differences 
that  the  two  shifts  have  been  kept  that  separated.  However,  quite 
recently  data  were  obtained  that  suggested  the  existence  of  an  Sl- 
related  f ronto-central  slow  wave,  with  a  sharp  onset,  which  often 
overlaps  the  S2- related  slow  wave  ("true  CNV”)  in  the  CNV  paradigm 
(e.g.,  Loveless  and  Sanford,  1974;  Gaillard,  1976).  Consequently, 
as  the  latter  two  differences  (2-3)  were,  in  fact,  attributed  to 
another  wave,  usually  called  the  "orienting  component  of  the  CNV", 
some  workers  suggested  that  the  residual  S2-related  slow  potential 
is,  in  fact,  an  RP  (e.g.,  Gaillard,  1976;  Rohrbaugh  et  al.,  1976). 
Hence  the  original  CNV  would  be  composed  of  an  orienting  component 
and  RP.  Such  thinking  was  supported  by  data  indicating  artificial¬ 
ity  of  paradigm  differences,  e.g.,  it  has  been  shown  that  a  CNV  can 
exist  with  no  Si  and  S2  and  that  an  RP  can  exist  during  the  S1-S2 
interval. 

There  is,  however,  one  weak  loop  in  this  reasoning.  The  evi¬ 
dence  that  the  Sl-related  f ronto-central  slow  wave  is  separable 
from  the  S2-related  slow  wave  is  strong  -  though  calling  it  an 
orienting  component  appears  to  be  premature.  On  the  other  hand, 
the  role  in  RPs  of  a  "true  CNV"-type  widespread,  central,  nonspeci¬ 
fic,  negative  shift  (Syndulko  and  Lindsley,  1977)  associated  with 
motivation,  preparation,  expectancy,  etc.,  i.e.,  with  increased 
activity,  appears  likely.  It  is  possible  that  the  RP  is  a  hybrid 
wave  consisting  of  (1)  the  CNV  and  (2)  some  slow  negative  potential 
specific  to  response  initiation  (Hillyard,  1973).  "’he  first  possi¬ 
bility  (1)  is  supported  by  data  showing  that  the  RP  is  affected  by 
similar  variables  as  the  CNV  (McAdam,  1973).  Interestingly,  even 
the  scalp  distribution  of  the  RP  shifts  anteriorly  (and  hence  be¬ 
comes  more  CNV-like)  under  the  influence  of  such  variables  (Me 
Callum,  1978).  Moreover,  usually  the  Cz  amplitude  is  larger  than 
that  above  the  contralateral  hand  area  (in  manual  tasks) ,  and  the 
amplitude  above  the  ipsilateral  hand  area  is  substantial  (e.g. , 
Syndulko  and  Lindsley,  1977).  It  might  well  be  that  even  in  a  most 
boring  RP  situation  with  frequent  repetitions  of  a  movement  there 
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still  is  some  CNY- inducing  element  left  -  a  movement  is  some  activ¬ 
ity,  something  to  do  and  concentrate  on,  after  a  period  of  inter¬ 
trial  silence  and  rest. 

As  to  the  second  possibility  (2),  the  aforementioned  contra¬ 
lateral  hemispheric  asymmetry  is  well  established.  This  asymmetry 
startinq  well  before  the  onset  of  the  movement  speaks  in  favor  of 
the  existence  of  some  negative  shift  specific  to  response  initia¬ 
tion.  This  shift,  as  such ,  may  be  of  a  relatively  low  amplitude. 
Hence,  the  negative  shift  known  as  HP  is  suggested  to  be  composed 
of  a  low  amplitude  motor-specif ic  slow  negativity  and  of  a  CNV  of 
varying  amplitude. 

What ,  then,  is  the  traditional  CNV?  Besides  the  "true  CNY" 
defined  above,  it  appears  to  be  composed  of  an  Sl-related  slow 
negative  wave  and,  when  a  motor  task  is  involved,  a  slow  negativity 
specific  to  response  initiation.  The  latter  component  is  lent 
credence  by  hemispheric  asymmetries  contralateral  to  the  responding 
limb  found  also  in  the  CNV  paradigm  (Donchin  et  al.,  1078).  The 
Sl-related  component  (appearing  mainly  with  an  auditory  SI)  might 
reflect  the  arousing  and  facilitatory  properties  of  a  stimulus 
(Loveless  and  Sanford,  1074;  Gaillard,  1076;  Gailllard  and  Naatanen, 
1076),  probably  activation  of  some  reticular  and  thalamic  activation 
systems.  The  S2- related  negative  shift  ("true  CNY" )  is  somewhat 
more  posterior  and,  presumably,  is  also  related  to  the  activation 
of  such  nonspecific  systems  (Naatanen,  1967).  [Skinner's  (1071) 
cryogenic  lesion  studies  have  identified  frontal  and  central  nega¬ 
tive  shifts  having  separate  relations  with  the  thalamus.]  This 
activation  is  presumably  associated  with  sustained  activity  required 
between  Si  and  S2  (e.g. ,  preparation  for  a  task  performance).  Addi¬ 
tionally,  there  may  exist  during  the  S1-S2  interval  some  modality- 
specific  slow  potentials  (Gaillard  and  Naatanen,  1976;  Syndulko  and 
Lindsley,  1977)  and  some  other  function-specific  potentials  such  as 
those  associated  with  word  and  pattern  processing  (Robert  et  al., 
this  conference) . 

Speech- related  negativity.  A  number  of  studies  have  reported 
an  RT  preceding  speech  production.  For  example,  McAdam  and  Whitaker 
(1971)  observed  that  it  shows  a  small  hemispheric  asymmetry  with 
the  potential  being  maximal  over  Broca's  area  in  the  left  hemis¬ 
phere,  an  area  known  to  play  a  major  role  in  articulation.  This 
negativity  appeared  up  to  1  sec  before  articulation.  However, 
there  lias  been  continuing  controversy  as  to  the  cerebral  versus 
extracerebral  origin  of  this  negativity.  Szirtes  and  Vaughan  (1977) 
conclude  that  the  scalp  recorded  speech-related  potentials  either 
represent  volume  conducted  act ivity  from  muscles  involved  in  speech 
production  or  are  heavily  contaminated  by  such  activity.  In  view  of 
the  continuing  controversy  over  the  validity  of  the  speech-related 
negativity,  this  potential  is  not  considered  further  in  this  review. 
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Sustained  negativity .  So  far  we  have  dealt  with  "slow"  ooten- 
tials  elicited  in  paradicrms  with  stimuli  of  a  short  duration.  If 
the  stimulus  duration  is  prolonged,  say,  to  1  sec,  a  negative  shift, 
called  the  sustained  potential  (SP),  lasting  for  the  whole  duration 
of  the  stimulus,  has  been  observed  in  addition  to  the  onset  and  off¬ 
set  EPs  (Keidel,  1971;  Hillyard  et  al.,  1978).  SPs  have  been  ob¬ 
served  for  stimuli  in  the  auditory  (Keidel,  1971;  Jarvilehto  and 
Fruhstorfer,  1973;  Picton  and  Woods,  1975;  Hillyard  et  al.,  1978), 
visual  (Keidel,  1971;  Jarvilehto  et  al.,  in  press)  and  somatosen¬ 
sory  (Hillyard  et  al.,  1978)  modalities.  The  auditory  SP  was 
reported  to  have  a  maximum  at  the  vertex  and  frontal  locations,  the 
focus  being  slightly  more  anterior  than  that  of  either  the  N1  or 
P2  components  of  the  auditory  EP  and  showina  no  reversal  of  polar¬ 
ity  over  the  Svlvian  fissure  (Picton  and  Woods,  1975) .  The  topo¬ 
graphy  of  the  visual  and  somatosensory  SPs  has  not  been  investi¬ 
gated  in  detail  although  Keidel  (1971)  found  that  the  visual  SP  is 
larger  over  the  occipital  area  than  over  the  vertex  and  frontal 
sites . 


The  auditory  SP  exhibits  an  intensity  function  similar  to  that 
of  the  auditory  N1-P2  component  at  the  vertex.  On  the  other  hand, 
the  auditory  SP  is  much  more  resistant  to  decreasing  ISI  than  the 
auditory  N1  (Picton  and  Woods,  1975;  Hillyard  et  al.,  1978),  and 
furthermore  the  recovery  cycle  of  the  SP  shows  little  or  no  pitch 
specificity  compared  with  the  N1-P2  onset  potentials  (Hillyard  et 
al.,  1978). 

It  was  suggested  by  Keidel  (1971)  that  SP  is  an  objective  cor¬ 
relate  of  perception.  This  interpretation  was  regarded  as  having 
been  contradicted  by  Jarvilehto  and  Fruhstorfer  (1973)  who  showed 
that  a  break  of  1  sec  in  a  continuous  tone  elicits  a  negative  shift 
very  similar  to  the  SP.  It  appears  likely,  however,  that  the  shift 
observed  by  the  authors  was  a  CNV  of  a  much  larger  amplitude  than 
the  SP  caused  by  the  continuous  tone,  and  hence  this  result  would 
not  invalidate  Keidel' s  interpretation.  In  fact,  presently  there 
is  clear  evidence  that  the  SP  is  composed  of  two  coincident  negative 
potentials:  (1)  "true  SP"  (specific  shift  caused  by  the  stimulus); 

(2)  CNV.  "True  SP"  (1)  is  supported  by  the  findings  that  the  SP 
occurrence  is  not  dependent  on  the  subject  being  aiven  any  parti¬ 
cular  task  involving  the  stimuli  (Jarvilehto  and  Fruhstorfer,  1973; 
Jarvilehto  et  al.,  in  press)  and  that  the  auditory  SP  has  been 
recorded  during  sleep  (Picton  and  Woods,  1975).  Moreover,  the 
findings  suggesting  modality-specific  topography  reviewed  in  the 
aforegoing  lend  credence  to  (1).  CNV  (2)  is  suggested  by  Picton 
and  Wood's  (1975)  result  that  instructing  subjects  to  detect  an 
occasional  tone  of  longer  duration  results  in  an  increase  in  the  SP 
amplitude.  It  is  possible  that  this  attentional  enhancement  of  the 
SP  is  due  to  the  superimposition  of  a  CNV  on  the  SP.  However,  the 
clearest  evidence  for  separability  of  these  two  components  comes 
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from  Jarvilehto  et  al.  (in  press)  in  which  the  effect  of  repetition 
of  the  stimulus  on  SPs  was  studied.  Auditory  and  visual  stimuli  of 
1  sec  duration  were  presented  in  trains  of  six  stimuli  with  an  ISI 
of  1  sec.  Repetition  rate  was  1  train/min.  The  EEG  was  recorded 
from  Cz,  Pz  and  Oz.  Both  auditory  and  visual  stimuli  elicited  SPs 
which  during  the  first  stimuli  of  the  trains  were  maximal  in  ampli¬ 
tude  at  the  vertex.  Repetition  of  the  stimulus  in  the  stimulus 
train  resulted  in  almost  complete  disappearance  of  the  SPs.  For 
auditory  stimulation,  a  small  negative  shift  remained  only  at  Cz, 
whereas  for  visual  stimulation  a  small  RP  was  seen  only  at  pz  and 
Oz.  The  authors  suggested  that  the  large  component  susceptible  to 
habituation  is  associated  with  neural  processes  underlying  orienting 
behavior,  whereas  the  resistant  component  might  reflect  stimulus 
processing  in  the  specific  projection  area. 

process ing  negativity .  For  some  time  it  was  generally  accept¬ 
ed  that  (provided  stimulus  delivery  rate  is  sufficiently  fast) 
directing  attention  to  one  source  of  stimuli  while  ignoring  other 
sources  results  in  an  increase  in  the  amplitude  of  the  Nl  component 
of  the  F.Ps  to  stimuli  from  the  attended  source  (Hillyard  et  al .  , 
1973).  This  is  the  so-called  N1  selective-attention  effect.  More 
recent  evidence,  however,  indicates  that  the  N1  effect  is  not  the 
result  of  the  enhancement  of  a  true  N1  component  of  the  EP  to 
attended  stimuli  but  rather  is  due  to  a  negative  component  of  en¬ 
dogenous  origin  superimposed  on  the  attended  EP,  a  component  which 
may  only  partly  overlap  the  Nl  component  (Naatanen  et  al.,  1978a, b) . 
They  observed  a  long-duration  negative  displacement  of  the  EP  to 
the  attended  ear  stimuli  in  comparison  to  that  to  the  unattended 
ear  stimuli  (randomized  stimuli  delivered  at  a  regular  ISI  of  800 
msec).  The  negative  shift  called  'processing  negativity'  began 
quite  late  at  about  150  msec  on  the  falling  phase  of  the  N1  com¬ 
ponent  and  continued  for  a  further  500  msec.  With  a  shorter  ISI 
(250  msec)  this  shift  began  before  the  Nl  peak  (Naatanen  et  al., 
1978c) .  Corroborating  data  were  provided  by  Desmedt  and  Robertson 
(1977)  who  used  a  selective  attention  task  to  somatosensory  stimuli 
randomly  delivered  to  either  hand  at  a  mean  ISI  of  410  msec.  Ers 
to  attended  stimuli  exhibited  a  small  negative  shift  with  a  mean 
onset  latency  of  78  msec,  approximately  60  msec  before  the  mean 
pieak  latency  of  the  Nl  component,  which  persisted  in  many  cases 
beyond  200  msec  postst imulus . 

In  their  recent  review,  Naatanen  and  Michie  (1978)  have  drawn 
attention  to  the  fact  that  many  of  the  early  Hillyard  findings 
should  also  be  interpreted  as  due  to  the  super  imp>os it  ion  of  a 
negative  wave  on  the  attended  EP  since  the  attention  effects  were 
often  not  entirely  coincident  in  time  with  the  Nl  component .  For 
example,  in  Schwont  et  al.  (1976)  the  attended  F,P  to  central  stim¬ 
uli  in  their  two  single-cue  conditions  exhibits  no  clear  Nl  effect 
but  does  exhibit  a  negative  displacement  with  an  onset  latency  on 
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the  falling  phase  of  N1  giving  the  appearance  of  a  filled  P2. 

Most  experiments  designed  to  study  the  effects  of  selective 
attention  on  EPs  involve  the  presentation  in  random  order  of  a  num¬ 
ber  of  different  stimuli  of  brief  duration,  the  stimuli  differing 
on  one  or  more  cue  dimensions.  One  of  the  stimuli  is  usually  des¬ 
ignated  as  a  target  on  a  given  run,  and  the  direction  of  attention 
is  controlled  by  instructing  the  subject  to  count  the  number  of 
occurrences  of  the  target  during  the  run  or  to  make  some  response 
on  detecting  a  target.  One  of  the  nontargets  is  usually  more 
similar  to  the  target  than  other  non targets  because  it  shares  a 
common  cue  characteristic  with  the  target;  for  example,  it  may  arise 
from  the  same  spatial  location  as  the  target  (the  same  ear  as  in 
Hillyard  et  al.  (1973),  or  the  same  hand  as  in  Desmedt  and  Robert¬ 
son  (1977)]  or  have  the  same  pitch  las  in  the  pitch-alone  condition 
of  Schwent  et  al,  (1976)1.  It  is  usually  assumed  that  subjects  adopt 
the  strategy  of  paying  attention  to  the  most  target-like  nontargets 
(stimuli  in  the  attended  source  or  channel)  in  order  to  be  able  to 
detect  the  (infrequently  occurring)  targets. 

The  earliest  observed  onset  of  the  processing  negativity  is 
60-70  msec  (Hillyard  et  al. ,  1973;  Desmedt  and  Robertson,  1977). 
Naatanen  (1975)  and  Naatanen  and  Michie  (1978)  have  argued  that 
60-70  msec  is  sufficient  time  for  an  easy  discrimination  between 
stimuli  from  different  sources  to  be  completed,  and  therefore  the 
processing  negativity  is  related  to  operations  carried  out  after  the 
decision  relating  to  stimulus  source  has  been  made.  What ,  then, 
determines  the  actual  onset  latency  and  duration  of  the  processing 
negativity  since  an  easy  discrimination  does  not  necessarily  result 
in  an  early  onset  latency  of  the  processing  negativity?  Naatanen 
and  Michie  have  proposed  that  its  onset  latency  and  duration  are 
determined  by  the  difficulty  of  discriminating  stimuli  from  the 
attended  and  unattended  sources  and  the  time  pressure  of  the  task 
which,  in  turn,  is  determined  by  the  ISI  structure  and  task  require¬ 
ments  such  as  the  difficulty  of  distinguishing  targets  from  nontar¬ 
gets  on  the  attended  source.  When  an  easy  between-source  discrimi¬ 
nation  is  combined  with  a  fast  delivery  rate,  the  processing  nega¬ 
tivity  is  early  and  of  short  duration  and  under  these  circumstances 
(Hillyard  et  al. ,  1973)  can  give  rise  to  an  apparent  N1  facilitation. 
On  the  other  hand,  an  easy  discrimination  combined  with  a  slow  de¬ 
livery  rate  results  in  a  prolonged-duration  negativity  with  a  con¬ 
siderably  later  onset  as  observed  by  Naatanen  et  al.  (1978a, b).  Thus 
it  appears  that  while  the  onset  of  the  negativity  can  begin  early 
when  the  between-source  discrimination  is  easy,  it  will  only  do  so 
when  the  time  pressure  of  the  task  requires  that  whatever  processing 
associated  with  the  negativity  be  completed  early.  On  the  other 
hand,  when  the  discrimination  between  attended  and  unattended 
sources  is  more  difficult,  the  onset  latency  of  the  processing  nega¬ 
tivity  must  of  necessity  be  later  as  was  observed  for  the  central 
channel  of  the  two  single-cue  conditions  of  the  Schwent  et  al. 
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Fig.  1.  Vertex  EPS  to  left  ear,  midline  (binaural)  and  right  ear 
stimuli  when  attended  (solid  line)  and  when  unattended  (dotted  lines). 
(From  Van  Voorhis  et  al.,  unpublished  data.) 


(1976)  experiment.  [See  also  the  onset  latency  in  Fig.  1  from  an 
unpublished  experiment  conducted  by  Van  Voorhis  et  al.  (1976)1. 

Available  evidence  suggests  that  the  processing  negativity 
associated  with  attention  to  stimuli  in  the  auditory  modality  has 
a  frontal  maximum  (Naatanen  et  al.,  1978c).  A  small  amplitude  nega¬ 
tive  displacement  is  also  evident  at  T3  and  T4  when  referred  to 
linked  mastoids  (Naatanen  et  al.,  1978a, b).  The  processing  nega¬ 
tivity  in  the  somatosensory  modality  is  larger  over  contralateral 
parietal  areas  than  the  ipsilateral  areas  and  smaller  at  central 
and  frontal  midline  and  lateral  sites  (Desmedt  and  Robertson,  1977). 
The  topography  of  the  processing  negativity  elicited  by  attention 
to  stimuli  in  the  visual  modality  has  not  been  investigated  in  any 
detail  although  Van  Voorhis  and  Hillyard  (1977)  have  evidence  that 
in  some  subjects  an  effect  of  selective  attention  at  the  N1  latency 
can  be  produced  at  an  occipital  site  (02)  when  the  stimulated  visual 
field  is  contralateral  to  the  scalp  location  but  not  when  the  stim¬ 
ulated  visual  field  is  ipsilateral.  Much  more  investigation  of  the 
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scalp  topography  of  the  processing  negativity  is  obviously  required, 
but  the  available  evidence  is  suggestive  of  a  modality-specific 
topography. 

Mismatch  negativity.  There  is  solid  evidence  for  the  existence 
of  an  endogenous  negative  component  with  a  peak  latency  of  approxi¬ 
mately  200  msec  (in  the  auditory  modality)  in  response  to  a  deviat¬ 
ing  stimulus  (e.g. ,  a  click  of  a  slightly  stronger  or  weaker  inten¬ 
sity  than  the  other  clicks)  in  a  repetitive  stimulus  background 
(Squires  et  al. ,  1975;  Snyder  and  Hillyard,  1976;  Ford  et  al. ,  1976; 
Simson  et  al. ,  1977;  Naatanen  et  al. ,  1978a, b,c).  Stimulus  devia¬ 
tion  appears  essential  as  infrequently  presented  single  clicks  did 
not  evoke  this  component  (Snyder  and  Hillyard,  1976)  .  This  compo¬ 
nent,  called  N2  or  N200,  or  mismatch  negativity,  as  Naatanen  et  al. 
call  it,  was  elicited  by  a  stimulus  deviation  whether  attention  was 
directed  to  the  stimuli  or  not.  Unlike  the  N1  and  P2  components 
of  the  EP,  it  was  very  resistant  to  increased  frequency  of  the  back¬ 
ground  stimuli  (Si.j.dct  and  Hillyard,  1976).  N2,  or  mismatch  nega¬ 

tivity,  often  had  a  short,  EP  component- like  waveform  which  could 
be  easily  observed  as  the  "N2  component"  in  the  EP  to  the  deviating 
stimuli.  On  the  other  hand,  Simson  et  al.  (1977)  and  Naatanen  et 
al.  (1978a, b)  revealed  the  mismatch  negativity  by  subtracting  the 
EP  to  background  stimuli  from  that  to  the  deviating  stimuli.  The 
latter  authors  observed  it  to  last  for  at  least  200  msec.  In  many 
studies  (e.g.,  Squires  et  al. ,  1975;  Synder  and  Hillyard,  1976), 
the  mismatch  negativity  was  followed  by  P3a,  a  frontally  dominated 
late  positivity  (with  somewhat  shorter  latency  than  the  parietal 
P3) ,  and  they  were  often  regarded  as  intimately  linked  ("N2-P3a 
complex").  It  was,  however,  demonstrated  by  Naatanen  et  al.  (1978b) 
that  under  dichotic  listening  conditions  the  mismatch  negativity 
with  no  later  positivity  is  elicited  by  a  deviating  input  among 
repetitive  background  stimuli  to  the  unattended  ear  (while  in  the 
attended  ear  this  positivity  was  observed). 

A  fronto-central  topography  of  the  (auditory)  mismatch  negati¬ 
vity  was  generally  observed  in  these  studies.  Naatanen  et  al. 

(1978b)  found  that  there  was  another  focus  near  the  specific  sen¬ 
sory  areas  of  audition,  as  the  amplitudes  from  the  T3  and  T4  sites 
were  even  larger  than  those  from  the  vertex.  Clear  data  lending 
credence  to  the  modality-specific  distribution  of  the  auditory  mis¬ 
match  negativity  were  presented  by  Simson  et  al.  (1977)  who  also 
showed  a  similar  effect  within  the  visual  modality.  In  contrast 
to  the  auditory  modality,  frontal  activity  did  not  contribute 
appreciably  to  the  visual  mismatch  negativity. 

Detection  negativity.  In  Cooper  et  al.'s  (1977)  study  on  vigi¬ 
lance  of  operators  watching  a  visual  display  for  a  long  time,  a 
videotape  recording  was  made  by  televising  a  model  landscape  across 
which  correctly  scaled  vehicles  moved  singly  at  infrequent,  un¬ 
predictable  times.  Vehicles  entered  along  any  of  the  four  roads 
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t  t  oro  t  ho  lot!  or  light  ot  from  hohind  slumps  ot  t  i  oos.  in  tin*  middlo 
ot  tilt'  pioturo.  Tho  oIm.oivi'v  war.  i  ns*t  t  not  od  to  pros:;  .1  r ;  w  i  t  i  *  1 » 
whonovot  a  vehiolo  appoarod  in  t  ho  display.  Thi'  moan  dotootion  t  tine 
was  1.  t  siv.  About  1  soo  hot  oro  tho  switoh  was  pross.od  to  indioat o 
dot  oot  i  v>n ,  t  ho  ga/o  transtorrod  to  t  ho  rogion  ot  tin'  vohiolo,  aiui 
dotailod  so. mu  ing  ot  this,  pat  t  ot  t  ho  display  hogan.  Pining  this. 

'■aiming  a  large  oont t o-pat  i ot a  1  posit  ivo  s.hitt  was.  tejot  to.1  to 
ooovn  .  (This  pot  out  ial  was  not  diroot  lv  rol.it  od  in  t  imo  to  tin4  oyo 
movomont  s  or  tv'  t  hi'  switoh  pros..*;.)  1  nt  « '  t  ost  i  ng  1  y  ,  this  posit  ivity 

was  ot  t  « 'it  pi ooodod  by  a  slow  oontto-pnt  it'tal  nogat ivo  s.hitt  whioh 
'■otiM  start  whil*'  tin4  ovos  wet  v  soatining  ot  lu'i  part;;  ot  t  ho  vtis.pl  ay. 
Aoooidmg  to  t  ho  aut  hot  s  ,  it  prosuniubl  y  st  at  t  s  whon  somot  it  i  tut  soon 
in  potiphoial  vision  di  roots  tin4  oy<  sran  towards.  t  h< 4  area  ot  tin4 
display  oontainitui  tin4  vohiolo.  This  nogat  ivity  w.<  :  t  opot t  od  to 
ho  similat  in  I  onn  to  tho  UNV  and  was  suggt'st  «4il  t  o  imiioato  propara 
t  ion  tot  aot  ion.  (It  is.  unoortain  tv'  what  *4x  t  «4n  t  this  nogat  vity 
is  an  KP  ptoooding  t  ho  ti  nation  v't  tin4  ga/.o  tv'  t  ho  t  argot). 

Mi  ss.  i  ng-st  imulus.  nogat  ivity.  It  has  now  boon  wo  I  1  ost  abli  shod 
that  tin4  nondolivory  i't  an  i-xpeet  ed  st  imulns  givos  t  i  so  tv)  an 
Mom  i  t  t  <4il"  pot  c  'ii  t  i  a  !  ,  tin4  missing-stimulus  potonti.il,  whioh  oonsists 
v't  a  long  latonoy  posit  ivo  oomponon*  whioh  is  prooodod  by  a  tioga- 
t  i  Vi4  oomponont  (Klinko  ot  al.  ,  I'Hdl;  V'ot  d  t4t  al.,  l^7n;  simson  ot 
al.,  Th«'  lat  i'  posit  tve  oomponont  ot  t  ho  missing-st  i  mu  l  us. 

pv't  i'n  t  ial  appi'.u  s  to  bo  idont  i  oa  1  to  t  ho  P  tOO  oomponont  olioitod 
by  s.timuli  whiv'li  dolivoi  t  ask- 1  o 1  ovant  i  nt ormat  ioti  .  :  slu'wn  by  tlu'ii 
similut  soalp  d  i  st  i  i  but  i  ons  (Simson  i't  al.,  1‘‘77)  and  by  t  ho  taot 
that  t  hoy  t  ospond  similarly  to  oli.ingos  in  ownt  piobability  (K'uoh- 
kin  «'t  al.,  h‘7'M  .  Thi*  iu4gat  ive  oompvuiont  v't  t  ho  ntissitig-st  iron  l  us 
pv't  out  i  a  l  ,  ho  noo  t  oi  t  h  v*all«'d  t  ho  *mi  s.s  ing-st  itnul  us  nogut  ivity* 

(MSN),  has.  boon  most  suooosst  ul  ly  olioitod  by  paradigms.  in  whioh  a 
stimulus  omission  ooours  in  a  roiiul.it  train  v't  stimuli.  Uudot 
t  hoso  v- 1 1  oumst  anoi's  t  ho  MSN  appoars  to  hog  i  n  at  t  ho  pt'int  in  t  imo 
at  whit’li  tht'  missing  s.tinmtus  woubt  huvo  oeeui  i  e.l  (Simson  t't  al., 

1  "7’U;  !  ord  i't  a  1  .  ,  1  ‘>7(0  . 

Thi'  MSI  has.  bt't'ii  v'bs.i'i  vt'il  \  oi  i'lii  i  s.s.  i  on  v't  st  iniuli  in  tht'  visual 
(Simson  ot  al.,  l°7(>),  auditory  (Sims.on  t't  al.,  W7o;  Pot  d  ot  al., 
l‘>7n)  ami  SiMn.it  osonsory  motla  l  i  t  it4:;  (Klinkt'  i't  al.,  I'H'S).  Simson 
t't  al.  (l4»h>»  huvo  shown  that  t  ho  soalp  topography  v't  tin'  MSN  is 
nu'tla  l  i  t  y  -  s.poo  i  t  i  o  in  tht'  visual  ami  auditory  moda  l  i  t  i  os .  Tho  visual 
><-*N  •■■hews  a  pro-oov4  i  p  i  t  a  l  maximum  and,  in  many  oasos,  a  sooondn  ry 
l  t't’us.  at  tht'  veil  ex.  Tin4  topography  v't  tin4  visual  MSN  is.,  in  taot  , 
guiti4  simil.tt  tv'  tin4  soalp  topography  ot  tin4  P.'  (and  tv'  a  lossoi 
-  xtont  Nil  oomponont  v't  tin4  visual  PP ,  suggos.t  ing  that  t  hoy  at  iso 
t  xti  imilat  oottioal  rogions,  probably  visual  ai’oas.  IS  1°  Voi  tho 
'-•tioi  toons  attil  tin4  (rout  a  1  promotot  eei  t  ex  lot  tin4  eiMit  tal 

rhr  auditory  MSN,  on  t  in'  i't  hot  hand,  has.  a  post  t't  i ot  frontal 
*<  •  *  •' ;  i  ■  7i  appoat  s  to  ox  t  otul  1  a  t  ot  a  l  1  y  t  owa  t  d  tin4  pv>s.  t  ot  i  ot 

'  •  ■ft;  ’ t  a  l  ti'gii'tt.  Simson  ot  al.  (l‘'7o)  havo  suggos.t  t'»  I  that 
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the  auditory  MSN  arises  from  activity  in  the  cortex  of  the  supra- 
temporal  plane  which  is  projected  to  the  surface  of  the  central 
region  and  a  field  overlying  the  auditory  association  cortex  on 
the  lateral  surface  of  the  superior  temporal  gyrus.  The  scalp 
topography  of  the  somatosensory  MSN  has  not  yet  been  investigated. 

further  modality  differences  in  the  MSN  are  evident  from  mo¬ 
dality  effects  on  the  MSN  peak  latency.  In  the  paradigm  used  by 
Simson  et  al.  (1976)  (involving  the  omission  of  a  stimulus  in  a 
train  of  stimuli  occurring  regularly  at  a  rate  of  1/sec)  the  visual 
MSN  peaked  at  a  mean  latency  of  275  msec  while  the  auditory  MSN 
peaked  at  230  msec.  The  peak  latency  of  the  MSN  also  appears  to  be 
affected  by  ISI  as  Picton  et  al.  (1974)  found  that  progressive  in¬ 
creases  in  the  ISI  of  the  train  of  stimuli  produced  MSNs  of  longer 
latency  and  smaller  amplitude.  The  smaller  amplitude  of  the  aver¬ 
aged  MSN  with  increasing  ISI  could  well  be  in  part  due  to  greater 
variability  of  the  MSN  latency  over  single  trials.  Both  effects 
presumably  reflect  the  longer,  more  variable  and  flatter  time 
course  of  expectancy  observed  when  the  ISI  is  prolonged  (Naatanen 
adn  Merisalo,  1977). 

The  occurrence  of  the  missing-stimulus  potentials  is  not  de¬ 
pendent  on  the  subject  being  given  any  particular  task  relating  to 
the  missing  stimuli  since  the  negative-positive  complex  can  be  re¬ 
corded  when  the  subject  is  instructed  to  "keep  as  alert  as  possible 
and  to  direct  attention  to  the  stimuli"  (Klinke  et  al. ,  1968)  or 
when  the  subject  is  instructed  to  ignore  the  stimuli  and  read  a 
book  (Ford  et  al. ,  1976) .  Instructions  to  attend  to  the  missing 
stimuli  and  to  push  a  button  as  quickly  as  possible  on  detecting 
a  stimulus  omission  does  not  affect  the  amplitude  of  the  MSN  re¬ 
corded  at  the  vertex  but  does  increase  its  latency  (Ford  et  al. , 
1976) .  possible  changes  in  the  scalp  topography  of  the  MSN  with 
attention  have  not  been  investigated. 


CONCLUSION 

The  above  review  appears  to  suggest  that  the  negative  shifts 
classified  on  the  basis  of  eliciting  situation  or  performance  are 
composed  of  one  or  several  of  the  following  components : 

1)  Frontal  nonspecific  negative  shift.  This  is  a  fronto-cen- 
tral  negative  shift  reaching  its  peak  some  500-700  msec  from  the 
stimulus  onset  observed  most  clearly  when  an  auditory  stimulus  is 
used.  In  an  S1-S2  paradigm,  it  can  exist  even  without  S2.  Its 
amplitude  reflects  the  intensity  and  significance  of  the  stimulus, 
and  its  time  course  appears  to  be  independent  of  ISI.  There  is  much 
evidence  for  its  being  associated  with  some  subcortical  nonspecific 
activation  processes.  This  negative  shift  is  often  associated  with 
a  slow  positive  shift  maximal  over  the  parietal  area. 
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2)  Central ,  nonspecific  widely  distributed  noqat  i  vo  shift. 
Called  the  "true  CNV"  in  the  aforegoing,  this  is  S2-related  in 
S1-S2  paradigms  and  is  very  sensitive  to  ISI  and  task  demands  but 
can  also  exist  outside  or  independently  of  the  S1-S2  paradigm.  It 
was  suggested  to  reflect  the  degree  of  activation  of  the  subcorti¬ 
cal  nonspecific  activation  mechanisms  mainly  reflecting  the  nature 
of  the  task  and  task  demands  in  performance  situations.  This  view 
appears  to  clarify  two  persistent  issues  in  the  field: 

(a)  The  generally  low  correlations  between  the  amplitude  of  CNV 
and  performance:  if  CNV  mainly  reflects  the  degree  of  increased 
activity  in  some  nonspecific  activation  centers  rather  than  some 
more  specific  factors  in  performance  ami  preparation  for  it  (e.g. , 
expectancy  or  attention) ,  the  low  correlations  between  various 
"activation  measures"  (varying  within  the  relatively  narrow  limits 
of  the  tost  situation)  and  performance  (see  Naatanen,  1973); 

(b)  Reaction  time  and  other  motor  tasks  as  optimal  conditions  for 
CNV  elicitation:  there  is  plenty  of  evidence  for  large  physiologi¬ 
cal  changes  regarded  as  indicating  "activation"  increase  during  the 
S1-S2  interval  of  the  reaction  time  paradigm.  On  the  other  hand, 
for  example  a  sensory  discrimination  task  is  performed  by  the  or¬ 
ganism  with  much  less  extensive  mechanisms  which  would  explain  why 
no  large  F.RPs  are  generated.  Moreover,  l  n  sensory  tasks  there  is 
emphasis  on  accuracy  (rather  than  speed  of  performance)  for  which  a 
calm,  relaxed  attitude  might  be  ideal. 

3)  Modality-spocif ic  negativity.  The  reviewed  evidence 
points  to  the  conclusion  that  various  performances  witli  a  sensory 
aspect  are  associated  witli  a  modality-specific  negative  sliift. 

There  seem  to  exist  three  types  of  such  shifts.  The  first  is 
associated  with  template  mismatch  (missing  stimulus  negativity 
appears  to  be  a  mismatch  negativity  too)  underlying  automatic  pas¬ 
sive-attention  and  may  play  a  role  in  the  initiation  of  the  orient¬ 
ing  response.  The  second  type  is  processing  negativity,  that  asso¬ 
ciated  with  voluntary  attention  to  and  further  processing  of  certain 
stimuli  selected  in  preliminary  processing.  (Many  other  types  of 
tasks  probably  induce  such  shifts  as  well.)  Detection  negativity 
probably  is  one  form  of  processing  negativity;  it  is  associated 
with  intensive  processing  on  detection  of  a  preliminary  cue  for  a 
target.  As  to  the  differences  between  the  mismatch  and  processing 
negativities,  the  former  appears  to  be  of  relatively  larger  sir.o 
over  the  sensory-specific  areas  and  has  a  ramp-like,  short  waveform 
while  the  latter  often  is  a  steady,  long-duration  shift.  (both 
have  a  quite  strong  nonspecific  component.  This  might  be  intimate¬ 
ly  interlinked  witli  the  specific  process  to  the  degree  that  they 
cannot  be  disassociated.  in  such  a  case  it  would  bo  appropriate 

to  deal  with  the  mismatch  negativity  and  the  processing  negativity 
as  if  each  were  composed  of  one  component.  Generally  the  division 
into  different  components  is  based  on  the  idea  that  the  latter  are 
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experimentally  separable  in  that  they  show  different  relations  to 
some  experimental  manipulations.  (For  an  elegant  example,  see  the 
Jarvilehto  et  al.  experiment  reviewed  above.)  The  third  type  is 
suggested  to  be  the  specific  component  of  the  sustained  potential. 

4)  Motor-specific  negativity.  Topographical  data  showing 
hemispheric  asymmetries  contralateral  to  the  responding  limb  suggest 
that  in  tasks  with  a  motor  performance  there  also  exists  a  motor- 
specific  slow  negative  shift. 

5)  Some  other  forms  of  function- specific  negativities.  Exam¬ 
ples  include  those  associated  with  word  and  pattern  processing. 

Tlie  traditional  CNV  was  suggested  to  be  composed  of  several  of 
these  components.  Perhaps  they  all  are  present  when  an  auditory  Si 
(producing  the  frontal  negativity)  is  used  in  a  reaction  time  task 
with  word  stimulus.  The  RP  was  regarded  as  being  composed  of  motor- 
specific  negativity  and  the  central  type  of  nonspecific  negativity. 
(There  is  evidence  for  a  lack  of  frontal  negativity,  even  for  fron¬ 
tal  positivity,  during  the  RP) .  On  the  other  hand,  the  Sl-related 
slow  negativity  known  as  the  orienting  component  of  the  CNV  appears 
the  same  as  component  1) ,  but  it  is  possible  that  there  are  modal¬ 
ity-specific  aspects  in  its  topography  too.  The  remaining  five 
negativity  shifts  classified  on  the  basis  of  situation  or  performanct 
(speech-related  negativity  is  omitted  here),  sustained  negativity, 
processing  negativity,  mismatch  negativity,  detection  negativity 
and  missing-stimulus  negativity,  all  appear  to  be  composed  of  a 
nonspecific  (either  frontal  or  central  type)  and  a  modality-speci¬ 
fic  component. 

Of  these  five,  mismatch  and  missing-stimulus  negativities 
appear  to  be  closely  related  as  stated  above,  and  their  topography 
is  similar.  They  both  seem  to  represent  an  automatic  type  of  de¬ 
tection  of,  or  response  to,  an  environmental  change.  Sustained 
negativity  (its  sensory-specific  component)  also  appears  to  be  a 
relatively  inflexible,  automatic  type  of  negativity,  depending  to 
a  great  extent  on  physical  stimulus  characteristics.  The  nonspeci¬ 
fic  central  negativity,  motor-specific  slow  negativity,  processing 
negativity  and  detection  negativity,  on  the  other  hand,  appear  to 
be  of  voluntary  or  flexible  character,  reflecting  to  a  great  degree 
higher  cognitive  functions.  For  example,  processing  negativity 
seems  to  be  elicited  by  the  stimulus  the  subject  is  instructed  to 
pay  attention  to.  As  discussed  above,  detection  negativity  might 
bo  one  form  of  processing  negativity.  The  suggested  components  of 
negative  shifts  as  classified  into  two  main  categories  are  present¬ 
ed  in  Table  I.  In  light  of  the  available  evidence  the  nonspecific 
frontal  component  appears  as  a  borderline  case  between  the  negative 
shifts  associated  witli  "first-order"  and  "higher-order"  processes. 
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Table  1.  Suggested  components  of  negative  shifts. 


-NONCOCNITIVE 

-INFLEXIBLE 

(not  much  effect  of 
variables  such  as  learning, 
stimulus  significance, 
attention,  task,  etc. ) 
-DETERMINED  BY  PHYSICAL  STIMULUS 
FEATURES 
-"FIRST  ORDER" 


-COGNITIVE 

-FLEXIBLE 

(effect  of  variables 
such  as  learning,  stimulus 
significance,  attention, 
task ,  etc . ) 

-NOT  DETERMINED  BY  PHYSICAL 
STIMULUS  FEATURES 
-"HIGHER  ORDER" 


SUSTAINED  POTENTIAL  NONSPECIFIC  CENTRAL 

(specific)  ("true  CNV") 

MISMATCH  NEGATIVITY  RP  (specific) 

PROCESSING  NEGATIVITY 


NONSPECIFIC  FRONTAL 


SUMMARY 

As  research  in  the  neurophysiology  of  higher  cerebral  functions 
progresses,  more  and  more  different  types  of  brain  potentials  in 
performance  situations  are  discovered.  The  recent  years  have  es¬ 
pecially  brought  up  candidates  for  new  variants  of  endogenous  nega¬ 
tive  potentials.  It  appears  that  besides  the  CNV  we  have  at  least 
the  following  negative  shifts:  Bereitschaftspotential ;  "orienting 
component"  of  the  CNV;  speech- related  negativity;  sustained  nega¬ 
tivity;  processing  negativity;  mismatch  negativity;  detection 
negativity;  missing-stimulus  negativity.  The  present  paper  attempts 
to  systematize  these  more  or  less  overlapping  negative  shifts  which 
h’ve  mainly  been  named  on  the  basis  of  situation  or  performance 
eliciting  them.  Especially  the  lack  of  detailed  knowledge  of  the 
scalp  topography  of  most  of  these  negative  stiifts  in  different 
situations  makes  it  difficult  at  the  present  stage  of  researcli  to 
determine  their  mutual  relationships. 
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EVENT  RELATED  POTENTIALS  IN  LANGUAGE  AND  NON-LANGUAGE  TASKS  IN 
PATIENTS  WITH  ALEXIA  WITHOUT  AGRAPHIA 

H.  J.  Neville,  E.  Snyder,  R.  Knight  and  R.  Galambos 
The  Salk  Institute  and  University  of  California, 

San  Diego,  La  Jolla,  California 


The  concurrent  study  of  behavior  and  event  related  potentials 
(ERPs )  from  different  scalp  locations  can  provide  converging 
evidence  for  the  brain  structures  and  functions  which  underlie 
normal  human  cognitive  processes.  The  study  of  behavior  and  ERPs 
in  patients  with  localized  brain  damage  that  has  resulted  in 
specific  behavioral  deficits  can,  in  theory,  complement  studies  of 
normal  subjects  by:  (1)  describing  changes  in  particular  aspects 
of  ERPs  associated  with  disturbances  in  particular  cognitive 
functions,  and  (2)  permitting  correlations  between  the  absence  or 
distortion  of  particular  ERP  components  and  damage  to  particular 
areas  of  the  brain.  Results  from  studies  like  these  may  provide 
information  as  to  those  aspects  of  cognitive  functions  that  are 
reflected  in  particular  ERP  components  and  may  also  provide 
information  as  to  the  neural  origins  of  different  ERP  components. 

We  and  others  have  looked  for  evidence  of  cerebral  specializa¬ 
tion  of  function  in  ERPs  recorded  from  the  two  hemispheres  of 
normal  adults.  Cerebral  specialization  of  function  refers  to  the 
fact  that  the  left  and  right  cerebral  hemispheres  of  man  do  not 
contribute  equally  to  certain  specific  cognitive  abilities.  In 
most  normal  adults  the  integrity  of  the  left  cerebral  hemisphere 
is  more  important  for  language  functioning,  and  the  integrity  of 
the  right  hemisphere  is  more  important  for  the  performance  of 
certain  non- language  perceptual  tasks.  Evidence  for  this  differ¬ 
ential  functional  specialization  comes  from  studies  showing 
greater  deficits  in  language  functioning  following  damage  to  the 
left  hemisphere  than  damage  to  the  right  hemisphere,  but  greater 
deficits  in  perceptual  functioning  such  as  the  recognition  of  faces 
and  orientation  in  space  after  damage  to  the  right  than  to  the  left 
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Studies  of  1968’‘  ^  »74)  . 

language  material  presented  to  the  riaht  P6rCeptlon  and  recall  of 
(which  project  more  directly  to  the  left  ?ar.*nd  right  visual  field 
perception  and  recall  of  certain  h  hemisphere)  and  better 

the  left  ear  and  left  visual  field^T39*  material  Presented  to 
the  right  hemisphere),  reveal  ,  ^  pro^ect  more  directly  to 

of  the  two  hemispheres  in  the  i^^br  ^-alizatLns 

et  a1-'  1976;  Knox  and  Kimura  1968)  ^  1967;  ^in 

number  of  studies  have  reported  left/  •  °^er  the  laSt  decade  a 
which  are  thought  to  reflect  f unct •  /r^9ht  differences  in  the  erp 
(Wood  et  al.,  1971;  Br^  IT  asymmetries 

ever,  that  the  asymmetries  reported l  k  y  W°Uld  agree'  how- 
obtained,  less  prominent  than  one  miatT  "  elusive  and -  when 
psychological  studies  of  cerebral  ^  ?Xpect  fr°m  the  "euro- 
studies  have  methodological  shortcnm60131123*10" '  of  these 

of  the  results  difficult  fsee  tS  review  Whfhumake  interpretation 
Friedman  et  al.,  1975*  Galamhn<=  v  S  of  this  literature  by 

Perhaps  the  primary  shortcomings  of ^a ’  19J5;  Donchin  et  al.,  1977). 
lack  of  real  language  stimuli  !for  theSe  studies  are  the 

employ  meaningless  syllables  /'  many  investigators 

to  engage  the  subject  in  a  dPma  j-  S  /ba/'  /da/>  and  the  failure 
processing.  '  ""  9  Ending  task  which  requires  language 

indicative^f '"cerebralbspecialization^^ht^'h0119617  Retries 

corded  Erps  in  tasks  which produce T  l  ft  *  °btained  ^  we  re- 
( Neville  et  al.,  1977).  This  type  of^  ,behavioral  asymmetries 
engaging  the  subject  in  a  a  design,  in  addition  to 

of  providing  converging  behavioral^v^ '  3lS°  h3S  the  advantage 
interpretation  of  any  ERP  asvmm  t  •  ldence  for  a  functional 
ERPs  (Nl)  to  auditory  and  viCl  lana  We  f«md  that 

larger  from  the  left  than  the  right  herais  Were  significantly 

formed  tasks  which  resulted  in  a^t^ * phere  when  subjects  per- 
most  difficult  task,  the  simultanf  asymmetry!  The 

words  to  the  two  visual  °f  tW° 

and  erp  asymmetries:  in  every  subject  wh  6  m°St  marked  behavioral 
words  from  the  right  than  the  Li"  ?  correctly  reported  more 
left  hemisphere  was  larger  than  Sat  fleld'  the  Nl  from  the 

the  functional  specialization  of  the  lef^h  hemisPhere-  Thus, 

processing  is  reflected  in  erps  !  5*  hemisphere  for  language 

landing  tasks  which  res^  ^ 

thosels^\LrdS:bLinIne\t91iuV:fetf0yed  ^ ^  to 

syndrome  known  as  alexia  without  l  bhree  patients  with  the 
Vincent  et  al.,  1977  tk,  agraphla  (Ajax  et  al.,  1977- 

to  the  neuropsychologist  because^t^  1S  °f  considerable  interest 
discrete  structural^S^c^e^  V e*an,ple  of  how  a 

can  selectively  dissociate  one  particular 
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aspect  of  language  (reading)  from  language  functioning  as  a  whole . 
In  these  patients  the  ability  to  read  is  severely  disrupted.  This 
occurs  without  impairment  of  the  ability  to  write.  These  patients 
can  write  normally,  spontaneously  or  to  dictation,  but  later  can¬ 
not  read  what  they  have  just  written.  The  patients  may  be  able  to 
read  individual  numbers  and  letters  and  some  simple  words,  although 
slowly  and  laboriously.  Speech  and  the  comprehension  of  speech  are 
normal  in  these  patients  as  is  the  ability  to  name  visually  pre¬ 
sented  objects. 

This  rare  syndrome  was  described  by  Wernicke  (1885),  who 
proposed  that  it  might  bo  due  to  a  lesion  which  spared  the  angular 
gyrus  (the  'storehouse  for  visual  words'),  thereby  preserving  the 
ability  to  write,  but  destroyed  the  pathways  whereby  visual 
information  reaches  this  center  and  is  decoded.  Dejerine's  (1892) 
description  of  the  brain  of  such  a  patient  who  came  to  autopsy 
confirmed  Wernicke's  hypothesis  exactly.  Dejerine's  patient  had 
suffered  an  infarct  of  the  left  occipital  lobe  (thereby  rendering 
him  blind  in  the  right  visual  field)  and  the  splenium  of  the  corpus 
callosum  (thereby  preventing  the  transfer  of  visual  information 
from  the  left  visual  field  and  intact  right  occipital  cortex  to  the 
left  angular  gyrus) .  The  preserved  left  angular  gyrus  presumably 
enabled  the  patient  to  write. 

This  'disconnection'  model  of  the  functions  of  the  brain 
underlying  the  ability  to  read  continues  to  receive  support 
(Geshwind,  1965).  While  this  theory  can  often  predict  the  site  of 
a  lesion  on  the  basis  of  initial  behavioral  deficits,  there  is 
little  understanding  of  the  possible  mechanisms  involved  in  ttie 
improvement  of  function  which  some  patients  show.  Often  in  this 
syndrome  the  reading  deficit  is  not  absolute  immediately  after 
the  injury  and  patients  may  show  some  improvement  in  the  ability 
to  read  months  and  years  after  the  initial  trauma.  Several  ex¬ 
planations  for  this  improvement  are  possible.  Conceivably,  for 
example,  some  recovery  of  function  might  occur  if  the  right  angular 
gyrus  somehow  is  able  to  assume  certain  functions  that  the  left 
angular  gyrus  normally  performs.  Alternatively,  perhaps  over  time 
visual  language  information  presented  to  the  left  visual  field 
could  cross  over  to  the  left  angular  gyrus  by  p>ortions  of  the 
corpus  callosum  anterior  to  the  splenium.  In  the  present  investi¬ 
gation  wo  recorded  ERPs  to  visually  presented  language  and  non¬ 
language  stimuli  from  left  and  right,  central,  parietal  and  occipi¬ 
tal  electrode  sites  to  determine  whether  the  distribution  and/or 
form  of  the  ERF  might  differ  in  these  patients  in  a  systematic  way 
from  norma  1 . 
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METHODS 


Subjects 

Our  subjects  were  three  men  with  the  syndrome  of  alexia  with¬ 
out  agraphia  and  three  normal  controls  matched  for  sex,  visual 
acuity,  age  and  handedness. 

Patient  1.  pw  was  a  28  year  old,  right-handed  male.  Eight 
years  prior  to  testing  he  suffered  a  penetrating  head  trauma  which 
destroyed  the  left  occipital  cortex  and  splenium  of  the  corpus  cal¬ 
losum  [as  seen  on  computerized  axial  tomography  (CAT)  scan] .  Im¬ 
mediately  following  his  injury  PW  had  a  dense  right  hemianopsia 
and  was  severely  impaired  in  his  ability  to  read  single  numbers, 
letters  or  words.  He  was  never  impaired  in  his  ability  to  write, 
to  name  visually  presented  objects,  to  speak  or  to  understand  speech 
This  patient  has  shown  considerable  recovery  in  the  8  years  since 
the  injury  and  can  now  read  single  numbers,  letters  and  some  three- 
and  four- letter  words. 

Patient  2.  CP  was  a  60  year  old,  right-handed  male  who,  9 
months  prior  to  testing,  suffered  an  occlusion  of  the  left  posterior 
cerebral  artery  (as  seen  by  cerebral  angiography)  which  compromised 
the  left  occipital  lobe  and  splenium  of  the  corpus  callosum.  Im¬ 
mediately  following  the  occlusion  he  had  a  dense  right  hemianopsia 
and  made  many  errors  in  reading  single  letters  and  words .  He  experi 
enced  no  difficulty  in  writing,  speaking  or  understanding  speech. 

Patient  3.  BR  was  a  60  year  old,  left-handed  male  who,  1.5 
months  prior  to  testing,  underwent  surgery  for  the  removal  of  a 
tumor  involving  the  left  occipital  lobe  and  splenium  of  the  corpus 
callosum  (CAT  scan) .  Following  surgery  he  had  a  dense  right  hemi¬ 
anopsia,  had  some  difficulty  reading  single  numbers  and  letters 
and  had  a  severe  deficit  in  reading  words.  His  abilities  to  write, 
to  speak  and  to  understand  speech  were  not  impaired. 

At  the  time  of  testing  the  patients  were  rut  of  the  hospital 
and  were  functioning  quite  normally.  The  major  obstacle  each  pa¬ 
tient  had  to  adjust  to  was  his  right  hemianopsia  and  the  difficulty 
reading.  All  patients  have  shown  some  recovery  in  the  ability  to 
read  since  their  initial  insult.  In  fact,  the  youngest  patient  (PW) 
now  reads  at  a  third  grade  level. 


,  Stimuli 

We  recorded  visual  ERPs  to  full  field  white  and  colored  flashes 
and  to  unilateral  squares  of  white  light,  numbers,  letters,  three- 
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and  four- letter  words  and  line  drawings  of  common  objects.  Here  we 
report  only  the  methods  and  results  for  full  field  white  flashes, 
four- letter  words  and  line  drawings. 

All  visual  stimuli  consisted  of  slides  back-projected  onto  a 
translucent  screen.  The  edges  of  all  slides  coincided  precisely 
with  the  edges  of  the  screen  to  yield  a  rectangular  field  13°  wide 
and  8.5°  high.  Subjects  saw  1.25  meters  from  the  screen  and  fix¬ 
ated  a  red  spot  which  was  always  at  the  center  of  the  field.  Stim¬ 
uli  were  tachistoscopically  presented  for  100  milliseconds  (msec) . 
tixcept  for  the  full  field  flashes,  all  stimuli  were  white  patterns 
(words  and  line  drawings)  on  a  black  background.  They  were  pre¬ 
sented  so  that  their  nearest  edge  began  2°  to  the  left  or  right  of 
the  fixation  point.  All  stimuli  were  presented  at  irregular 
interstimulus  intervals  ranging  from  one  to  four  seconds. 

1.  Flashes  of  white  light.  These  covered  the  full  field  and  were 
690  candelas/meter'  (cd/m  ) .  Subjects  simply  viewed  the  screen 
with  no  assigned  task. 

2.  Four-letter  words.  Eighty-five  different  four-letter  words 
were  randomly  presented  once  to  the  left  and  once  to  the  right  visu¬ 
al  field.  Each  word  was  2.5°  in  length.  The  brightness  of  these 
stimuli  was  200  cd/m’ .  The  subject's  task  was  to  verbally  report 
the  word  after  each  trial. 

3.  Line  drawings.  Thirty  different  line  drawings  of  common  ob¬ 
jects  (e.g.,  shoe,  train)  were  presented  randomly  to  the  left  and 
right  visual  fields.  These  stimuli  were  2.5°  in  length  and  2°  high. 
There  were  on  average  170  cd/m‘ .  After  each  trial  subjects  reported 
the  name  of  the  object  presented  in  the  slide. 


Procedure 

During  all  stimulus  presentations  the  EEG  was  recorded  from 
electrodes  placed  at  01  and  02,  P3  and  P4 ,  C3  and  C4  (International 
10-20  system)  and  from  beneath  the  right  eye,  all  referred  to  the 
linked  mastoids.  Electrode  impedances  were  all  below  3000  ohms. 
Signals  were  amplified  with  Grass  7P5  amplifiers  (TC  =  .45  seconds) 
and  were  recorded  on  an  FM  tape  recorder  (Vetter  model  A)  for  off¬ 
line  computer  analysis. 

Each  control  subject  was  tested  on  all  stimuli  in  one  four-hour 
session.  Each  patient  was  tested  twice  on  all  stimuli  in  two  dif¬ 
ferent  four-hour  sessions.  Stimuli  were  presented  in  blocks  accord¬ 
ing  to  stimulus  type.  During  all  tasks  an  experimenter  sat  next  to 
the  subject  and  pointed  to  the  fixation  spot  prior  to  each  trial, 
monitored  the  subject's  eye  movements  to  ensure  central  fixation, 
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indicated  (about  1  sec  after  stimulus  presentation)  when  the  sub¬ 
ject  could  respond  and  recorded  his  verbal  response.  All  subjects 
wore  earphones  through  which  white  noise  was  presented  to  mask 
sounds  produced  in  conjunction  with  stimulus  delivery. 


Data  Analysis 

The  EEG  was  digitized  and  averaged  on  a  PDP  11/45  computer 
employing  programs  which  automatically  rejected  trials  on  which 
excessive  muscle  artifact  and  eye  movements  occurred.  ERPs  were 
averaged  separately  according  to  stimulus  type  and  according  to 
whether  the  subject  responded  correctly  or  incorrectly.  We 
measured  the  peak  amplitude  of  ERP  components  N1  and  P3  relative  to 
an  average  prestimulus  baseline  of  100  msec.  We  also  measured  the 
area  of  the  positivity  between  200  and  300  msec  relative  to  the 
baseline . 


RESULTS 


Behavioral  Data 

On  average,  the  controls  accurately  reported  67%  of  the  four- 
letter  words.  All  patients  responded  "nothing"  to  all  right  visual 
field  presentations  of  words  (confirming  their  right  hemianopsia) . 
Patient  PW  correctly  reported  60%  of  left  visual  presentations  of 
four-letter  words.  Patient  CP  accurately  reported  24%  of  left 
visual  field  presentations  of  four-letter  words,  and  patient  BR 
accurately  reported  30%  of  four-letter  words.  All  subjects 
performed  virtually  perfectly  in  reporting  the  line  drawings  except 
that  the  patients  reported  "nothing"  to  all  right  visual  field 
presentations . 


ERP  Data 

In  general,  the  morphology  of  the  ERP  waveform  in  control  sub¬ 
jects  showed  a  prominent  negativity  around  180  msec  post-stimulus 
presentation  (Nl)  and  (except  in  the  passive  flash  run)  a  positivity 
maximal  around  350  msec  post-stimulus  presentation  (P3) . 

1.  Flashes  of  white  light,  in  control  subjects  these  (full  field) 
stimuli  evoked  an  Nl  around  150  msec  after  stimulus  presentation. 
These  responses  were  present  at  both  left  and  right  hemisphere  leads. 
In  the  patients  (for  whom  this  was  a  unilateral,  left  visual  field 
stimulus  due  to  their  right  hemianopsia)  the  flash  did  not  evoke  an 
Nl  at  the  left  hemisphere  electrode  sites  but  evoked  an  Nl  of  com- 
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Fig.  1.  ERPs  averaged  over  control  subjects  to  correctly  reported 
presentations  of  four-letter  words  to  the  left  and  right  visual 
fields. 


parable  amplitude  to  the  controls  at  the  right  hemisphere  electrode 
sites.  In  this  (no  task)  situation,  no  P3  was  elicited. 

2.  Four- letter  words.  Figure  1  shows  ERPs  averaged  over  the  three 
control  subjects  to  presentations  of  four- letter  words  (correctly 
reported)  to  the  left  and  right  visual  fields. 

left  visual  field  presentations  produced  an  N1  (170  msec) 
over  the  right  hemisphere  at  02  (5.8  mV)  ,  P4  (3.9  mV)  and  C4 
2.3  mV);  at  tlie  left  hemisphere  sites  Nl,  if  present,  was  very 
small.  In  contrast,  right  visual  field  presentations  produced  a 
large  Nl  at  left  hemisphere  electrode  sites  (01  3.6  pV;  P3  3.7  mV; 

C3  3.7  mV)  and  a  small  Nl  at  right  hemisphere  electrode  sites 
(02  2.1  mV;  P4  0.4  mV;  C4  1.3  mV).  The  ERPs  to  left  and  right 
visual  field  presentations  of  words  also  contained  a  P3  (maximal 
about  325  msec  after  word  onset)  at  central  (on  average,  10.5  mV) 
and  at  parietal  leads  (8.6  mV),  but  not  at  the  occipital  leads. 

This  P3,  in  contrast  to  the  asymmetrical  Nl ,  was  of  equal  amplitude 
at  t)ie  left  and  right  hemispheres,  and  its  amplitude  was  not  altered 
as  a  function  of  left  or  right  field  presentation.  A  comparison 
of  the  ERPs  to  four- letter  words  reported  correctly  and  incorrectly 
revealed  no  striking  differences  in  morphology  or  left/right  dis¬ 
tribution. 
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rectly  reported  presentations  of  four-letter  words  to  the  left 
Visual  field,  and  KKPs  to  right  visual  field  presentations  of  the 
some  stimuli.  Presentations  of  these  stimuli  to  the  right  (liemi- 
anopic)  visual  tield  produced  no  discernible  KKP  components.  Cot - 
rectly  reported  four- letter  words  presented  to  the  (preserved)  left 
visual  field  did  not  produce  an  N1  over  the  lesion  (01),  and  also 
failed  to  evoke  an  Nl  over  the  intact  right  occipital  cortex  (02). 
More  anteriorly,  the  Nl  was  present  at  right  parietal  (mean  2.*'  nv) 
and  at  right  central  (mean  2.2  nV)  leads.  left  visual  field  pre¬ 
sentations  of  four-letter  words  also  produced  a  I’d,  maximal 
around  350  msec  post-stimulus  presentation,  at  central  (mean 
°.0  dini  parietal  (mean  7.5  nV)  leads.  In  contrast  to  tin- 
symmetrical  positivity  in  control  subjects,  the  amplitude  of  this 
positivity  was  asymmetrical  in  patients,  especially  at  the  parietal 
loads:  it  was  broader  and  larger  at  left  (mean  area  between  200  and 
500  msec  in  arbitrary  units  70)  than  at  right  (mean  area  200  - 
500  msec  =  30)  hemisphere  leads.  There  were  no  consistent  dif¬ 
ferences  in  morphology,  amplitude  or  distribution  between  KKPs 
to  left  visual  field  presentations  of  four-letter  words  reported 
correct  1 y  and  incorrectly  by  the  patients. 
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Figure  3  presents  the  left  visual  field  data  of  Figures  1  and 
2  in  a  different  way.  ERPs  from  the  left  and  right  hemispheres  are 
super imposed.  In  controls  the  N1  is  larger  from  the  right  hemi¬ 
sphere  than  the  left  hemisphere,  while  the  P3  response  is  essen¬ 
tially  symmetrical.  In  patients,  the  N1  is  absent  at  all  left 
hemisphere  sites  and  over  the  right  occipital  lead,  but  has  an 
essentially  normal  appearance  at  right  central  and  parietal  leads. 
Note  also  the  asymmetr ical  (left  greater  than  right)  positivity 
(shaded  area)  between  200  and  500  msec  which  is  most  pronounced  at 
the  parietal  leads.  This  ERP  asymmetry  to  correctly  and  incorrectly 
reported  words  was  consistently  present  in  all  three  patients  dur¬ 
ing  both  recording  sessions. 

3.  Line  drawings .  In  control  subjects  left  visual  field  presen¬ 
tations  of  line  drawings  evoked  an  N1  at  occipital  and  parietal 
leads  which  closely  resembled  the  responses  to  words  (asymmetrical, 
right  hemisphere  larger  than  left).  Similarly,  left  visual  pre¬ 
sentations  of  line  drawings  also  elicited  a  P3  which  was  symmetrical 
at  left  and  right  hemispheres. 

In  contrast  to  the  results  for  words,  the  patients'  responses 
to  left  visual  field  presentations  of  the  line  drawings  contained 
an  N1  at  right  occipital  (mean  4.1  jiV)  and  right  parietal  (mean 
3.5  pv)  leads.  As  with  words,  ERPs  from  the  left  hemisphere  did 
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Fig.  3.  Controls*  and  patients'  ERPs  fr<xn  loft  and  right  hemi¬ 
spheres  (super imposed)  to  correctly  reported  left  visual  field 
presentations  of  four- letter  words. 
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not  contain  an  Nl#  and  t hone  stimuli  elicited  a  1''  which  wa:.  luigei 
1 1  om  loft  than  t  ight  paxietal  leads. 


1H  SCI  IS  SION 

In  general,  all  loft  visual  field  .nnl  lull  tield  stimuli  pio- 
duced  PKPs  ot  similar  morpholexjy  tox  control  subjects  and  patients. 
The'  waveform  war;  chat  actor  ized  by  an  Nl  (about  ISO  msec  aftoi 
:it  i  mu  1  vis  present  ati  on)  and,  when  subjects  pe*rfoniu*d  a  t  ask  ,  a  pi 
(maximal  around  J‘h>  msec  aftoi  stimulus,  onset  )  .  bittoroncos  tv- 
twoon  control  .subjects  and  patients  were  found  m  the  anterior/ 
posterior  and  loft/right  amplitude  dist x ibut ions  ot  t  host1  com¬ 
ponent  s . 

In  control  subjects  tlu*  lateral  i  ;*ed  pivsent  at  ion  (to  the 
left  ox  right  visual  field)  of  words  and  line  diawmgs  prexlucod 
KKPs  in  which  the  Nl  was  larger  ovei  the  hemisphere  cont x a lat ex  a l 
to  tlie  field  of  stimulation,  and  small  ox  absent  over  the  ipsi- 
lateral  hemisphere.  This  result  is*  an  agreement  with  what  might 
be  exacted  on  the  basis  of  the  anat  ixny  of  the  visual  pathways  it 
the  Nl  is  generated  in  the  hemisphere  of  the  primary  teceiving 
area.  Other  invest  igafors  (Nakamura  and  hieisdoit,  1971;  Shagass 
»*t  al.  ,  1976)  have  reported  simi  lai  results.  Hero  the  Nl  asymmetry, 
seen  ovei  occipital  cortex,  extended  to  parietal  and  central  leads 
as  well. 

In  patients,  stimuli  presented  t o  the  light  visual  tield  were 
not  perceived,  and  they  did  not  evoke  any  discernible  IKK  cvmh- 
ponents.  This  result  suggest  •;  that  the  Nl  and  latex  component  s 
weit*  generated  at  or  Ix'yond  the  level  of  the  pi  unary  teceiving 
areas  in  the  hemisphere  cuntr a lat era  1  to  stimulation. 

In  these  patients,  correctly  lepoxted  presentations;  ot  words 
to  the  left  visual  field  did  not  produce  an  Nl  over  the'  lett  hemi¬ 
sphere  ox  over  the  intact  right  occipital  cortex,  but  did  evoke  an 
Nl  .it  right  hemisphere  parietal  and  central  sites.  Othex  studies 
of  hemianopic  patients  (Wildlvxgex  e*t  al.,  1976)  i  epoi  t  tiotm.il 
PRPs  over  the*  intact  hemisphere  to  st  imul.it  ion  ot  the*  pxesexved 
visual  field.  The  different  results  found  here'  might  lx*  a 
conse'qiie'nco  ot  the  fact  that  our  patients,  in  adetit  ion  to  having 
le*ft  occ ipital  damage',  have'  also  sustained  damage  to  the  sp lent um 
of  the*  corpus  callosum,  Perhaps  the'  additional  damage  to  the* 
callosal  fibers  joining  the*  two  occipital  lobes  disrupted  the 
functioning  of  the  light  occipital  loin*.  This  hypothetical  tight 
occipital  damage',  however,  did  not  affect  the'  visual  acuity  ot  the 
patients,  nor  die!  it  affect  the*  Nl  at  tight  parietal  and  central 
e  l  e*ct  roelo  site's.  Moreover,  the'  suggestion  that  secondary  tight 
occipital  damage  disrupted  the'  occipital  Nl  is  complicated  by  the' 
fact  that  le'ft  visual  field  presentations  ot  line*  drawings  diet 
produce  an  Nl  over  right  occipital  coi'tex  in  the'  patients.  The* 
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different  results  for  words  and  line  drawings  suggest  that  the 
nature  of  the  evoking  stimuli  may  determine  the  distribution  of 
the  N1  in  patients  such  as  these.  The  anterior  distribution  of 
the  N1  over  the  right  hemisphere  for  words,  but  not  for  line 
drawings,  may  indicate  that  visual  language  information  is  relayed 
to  those  areas  of  the  right  hemisphere  where  transfer  across  intact 
portions  of  the  corpus  callosum  is  possible. 

This  interpretation  of  the  HI  results  is  weakened  by  the 
dissimilarities  in  the  physical  characteristics  of  the  words  and 
the  line  drawings.  Although  their  average  spatial  luminance  was 
comparable  (words  200  cd/nr  ;  line  drawings  170  cd/nr  )  ,  other 
optical  parameters  such  as  contour  density  and  complexity  are 
virtually  impossible  to  equate  across  these  two  categories  of 
st imul i . 

Further  tests  of  these  and  other  patients  may  aid  in  the 
interpretation  of  the  results  found  for  Nl.  For  example,  if  the 
absence  of  the  splenium  is  the  important  factor  in  the  anterior 
distribution  for  words,  patients  with  an  infarct  of  the  spleni 
(but  intact  left  occiput)  should  show  the  same  results  as  these 
patients.  Patients  with  left  occipital  lesions  which  have  spared 
the  splenium  should  show  a  normal  Nl  distribution  to  left  visual 
field  presentations. 

All  subjects  Verbally  reported  the  laterally  presented  words 
and  lino  drawings,  and  when  they  did  so  their  KKTs  contained  a  P) 
at  parietal  and  central  leads.  In  controls  this  PI  was  symmetrical 
over  tlie  two  hemispheres  independent  of  field  of  presentation.  This 
dissociation  between  the  distribution  and  symmetry  of  Nl  and  P3  sup¬ 
ports  current  opinion  which  views  these  two  ERP  components  as  dis¬ 
tinct,  both  in  terms  of  their  functional  significance  and  in  terms 
of  their  neural  origins  (Hillyard  and  Picton,  in  press).  This  sym¬ 
metry  of  the  Pi  to  unilateral  stimulation  might  lx'  attributed  to 
complete  transfer  across  interheisisphorio  commissures  of  a  response 
generated  in  one  hemisphere  or  to  generation  of  the  Pi  by  a  midline 
subcortical  structure (s) . 

Whereas  the  P<  amplitude  in  control  subjects  was  symmetrical 
over  the  left  and  right  hemispheres,  it  was  asymmetrical  in  all 
three  patients.  The  pi  at  parietal  leads  was  consistently  broader 
and  larger  from  the  left  than  from  the  right  hemisphere.  Although 
the  precise  nature  of  the  psychological  variables  which  determine 
the  amplitude  of  the  pi  are  poorly  understood,  it  has  been  inter¬ 
preted  as  a  sign  of  the  later  stages  of  information  processing 
including  response  set  selection,  decision  making  and  the  reduction 
of  uncertainty  (e.g.  Hillyard  and  Picton,  in  press;  Sutton  et  al., 
l'’t)7)  .  Tlie  parietal  leads  from  which  we  recorded  roughly  underlie 
the  left  and  riqht  angular  qyri.  One  might  have  expected,  if 
patients  were  able  to  use  the  riqht  but  not  the  left  angular  gyrus 
in  reading  words  presented  to  the  left  visual  field,  that  a  P.l 
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would  bo  elicited  which  was  larger  over  right  than  left  parietal 
areas.  No  evidence  in  support  of  this  notion  was  found  in  the 
present  investigation.  Moreover,  the  asymmetry  was  found  in  ERPs 
to  all  task  relevant  stimuli.  This  suggests  that  perhaps  the 
structural  damage  to  the  adjacent  left  occipital  lobe  was  responsi¬ 
ble  for  the  larger  P3  amplitude  over  the  left  parietal  area;  perhaps 
the  larger  P3  resulted  from  increased  excitability  at  left  parietal 
cortex  resulting  from  loss  of  inhibition  from  the  adjacent  damaged 
occipital  cortex.  Similar  tests  of  patients  with  left  occipital 
lobe  damage  which  has  spared  the  splenium  (and  who  have  no  reading 
deficit)  may  aid  in  the  interpretation  of  this  result. 

To  summarize,  the  major  findings  reported  here  are  the  absence, 
in  patients  with  alexia  without  agraphia,  of  an  N1  over  intact 
right  occipital  cortex  to  correctly  reported  words  presented  to 
the  left  visual  field  and  the  asymmetrical  (loft  larger  than  right) 
amplitude  of  the  P3  in  these  patients.  These  results,  although 
clear  and  consistent,  are  difficult  to  interpret  from  the  point 
of  view  of  ttie  proposed  mechanisms  underlying  the  syndrome  of 
alexia  without  agraphia  and  also  from  the  point  of  view  of  current 
knowledge  of  the  functional  and  structural  correlates  of  the  N1 
and  P3.  Additional  studies  on  these  and  similar  patient  populations 
may  aid  in  the  clarification  of  the  neural  bases  of  cognitive 
processes  and  ERPs. 


SUMMARY 

We  have  simultaneously  studied  ERPs  and  performance  on  lan¬ 
guage  and  non- language  tasks  in  normal  control  subjects  and  in 
three  patients  with  the  disconnection  syndrome  known  as  alexia 
without  agraphia.  This  syndrome,  in  which  every  aspect  of  lan¬ 
guage  functioning  was  intact  except  the  ability  to  read,  was 
produced  by  a  lesion  which  compromised  left  occipital  cortex  and 
the  splenium  of  the  corpus  callosum  (as  seen  on  CAT  scan)  .  We 
recorded  ERPs  from  left  and  right  central,  parietal  and  occipital 
leads  and  from  the  eyes,  all  referred  to  linked  mastoids.  The 
stimuli  were  numbers,  letters,  three-  and  four- letter  words  and 
line  drawings  of  common  objects  presented  to  the  left  and  right 
visual  fields.  ERPs  from  left  and  right  hemispheres  were  averaged 
separately  according  to  stimulus  type,  visual  field  and  whether 
or  not  subjects  accurately  perceived  the  stimuli. 

Both  tlie  left/right  and  the  anterior  /posterior  distributions 
of  the  patients'  ERPs  differed  from  those  of  control  subjects. 

Most  remarkable  was  the  absence,  in  all  three  patients,  of  the 
N1  response  over  the  intact  right  occipital  lobe,  even  when  pa¬ 
tients  accurately  read  words  presented  to  the  (good)  left  visual 
field.  The  N1  was  present  more  anteriorly  over  right  parietal 
and  central  sites,  however.  The  other  major  result  was  a  large 
asymmetry  (left  parietal  greater  than  right  parietal)  in  the  P3 


LHP  IN  Al  t  XIA  WITHOUT  AGRAPHIA 


281 


response  of  all  three  patients;  (I'ut  not  in  controls).  Them’ 
results;  are  tentatively  discussed  in  terms;  of  possible  lunetional 
and  struotural  changes  in  alexia  without  agraphia. 
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SPATIAL  AND  TEMPORAL  DISTRIBUTION  OF  OLFACTORY  EVOKED  POTENTIALS 
AND  TECHNIQUES  INVOLVED  IN  THEIR  MEASUREMENT 

K.-H.  Platt ig  and  G.  Kobal 

Institute  of  Physiology  and  Biocybernetics 

Universitatsstr .  17,  D-8520  Erlangen 

Finkenzeller  (1966)  and  Allison  and  Goff  (1967),  in  studying 
the  olfactory  system,  succeeded  in  finding  olfactory  evoked  poten¬ 
tials  (OEPs)  on  the  intact  skull  of  awake  humans.  Partly  due  to 
the  technical  difficulties  associated  with  olfactory  stimulation, 
however,  there  has  been  little  subsequent  progress  in  this  area. 

In  order  to  properly  record  and  analyze  OEPs  from  awake  humans 
and  relate  them  to  the  underlying  olfactory  processes  it  is 
necessary  to: 

1.  Use  an  olfactory  stimulus  with  precisely  determined 
intensive  and  temporal  characteristics  (including  an  instantaneous 
onset  and  offset  time); 

2.  Eliminate  (or  minimize)  the  artifactual  components  that 
distort  or  mask  the  OEPs;  and 

3.  Present  many  repetitions  of  the  stimulus  in  order  to 
improve  the  signal-to-noise  ratio  of  the  recorded  potentials. 

In  regards  to  the  first  requirement,  several  serious  technical 
problems  have  made  it  quite  difficult  in  the  past  to  produce  an 
exactly  reproducible  olfactory  stimulus.  The  first  part  of  this 
paper  includes  the  description  of  a  new  stimulating  device  that 
enables  us  to  produce,  as  often  as  desirable,  a  stimulus  with 
constant  characteristics. 

Satisfying  the  second  requirement  cited  above  has  proven  to  be 
equally  difficult.  Several  sources  of  artifactual  intrusions  have 
been  described  previously.  Some  of  them  include  (listed  according 
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tained  within  it  can  bo  controlled  (e.g.  ,  see  Giesen  and  Mrowinski, 
1970;  Herberhold,  1973).  The  major  advantage  of  the  pulse  method 
is  ttiat  the  stimulus  onset  time  is  very  rapid.  The  maximum  concen¬ 
tration  of  odorous  substance  can  be  reached  in  approximately  20  msec 
(Plattig  and  Kobal,  1977;  Kobal  and  Plattig,  1978) 

The  major  disadvantage  of  the  pulse  method  is  that,  inherently 
in  its  use,  it  elicits  strong,  artifactual  nonodorous  responses 
which  are  synchronized  to  the  presentation  of  the  odorant.  The 
only  method  of  stimulus  presentation,  in  our  opinion,  that  com¬ 
pletely  avoids  this  artifact  is  the  "flow  method"  of  stimulation. 

In  the  flow  method  a  constant  gaseous  flow  continuously  flows  over 
the  nasal  mucosa.  At  the  time  of  stimulus  presentation  an  odorous 
substance  is  substituted  for  the  neutral  gas  without  altering  the 
rate  or  volume  of  air  flow.  The  major  difficulty  of  the  flow 
method,  of  course,  is  to  develop  an  ability  to  substitute  the 
odorant  substance  for  the  neutral  gas  in  such  a  manner  that  the 
maximum  concentration  is  reached  rapidly  and  yet  no  flow  turbulences 
are  gen  e  ra  t ed . 

The  olfactometer  developed  in  our  laboratory  is  illustrated 
in  Fig.  1.  When  using  the  flow  method  compressed  air  is  cleaned 
and  dried  with  charcoal  and  CaCl  and  then  delivered  to  three  air 
cylinders.  Prior  to  the  observation  interval  when  an  odorous 
stimulus  is  presented,  clean  air  is  delivered  via  Tube  C  (Control) 
to  Flask  I  which  contains  distilled  water.  The  air  is  then 
delivered  from  the  air  cylinder  to  the  most  important  part  of  the 
olfactometer  -  the  3-Y  shaped  nasal  exit  -  where  it  is  presented 
to  the  human  observer.  During  this  period  in  which  neutral  air  is 
being  delivered  to  the  nasal  exit  all  other  (odorous)  air  is 
exhausted  via  Tube  .  In  order  to  present  an  odorous  stimulus 
with  a  controlled  concentration,  clean  and  dried  air  is  delivered 
via  Tube  0  (odorant)  to  Flask  II  containing  the  odorous  substance. 

If  maximum  saturation  of  this  odorant  is  required,  the  air  is 
delivered  to  the  nasal  exit  in  an  undiluted  form.  During  the 
presentation  of  the  odorant,  the  neutral  air  that  had  been  deliver¬ 
ed  to  the  nasal  exit  is  exhausted  from  the  nasal  exit  via  Tube  E2. 
The  switching  of  the  exhaust  tubes  from  E^  to  E^  is  accomplished 
with  a  magnetic  valve  (M)  also  developed  in  our  laboratory.  If 
an  odorous  substance  with  a  lower-than-maximum  saturation  is  re¬ 
quired,  the  odorous  air  from  Flask  II  can  be  diluted  by  replacing 
part  of  the  air  witli  neutral  air  from  Flask  III.  To  do  so,  a  volume 
of  odorant  air  equal  to  that  being  added  from  Flask  III  is  exhausted 
from  the  output  of  Flask  II  via  Tube  E  .  In  this  manner  any  satura¬ 
tion  of  odorant  from  0%  to  100%  may  be  delivered  at  the  nasal  exit. 

All  tubing  in  the  olfactometer  is  constructed  of  teflon  or 
glass.  A  thermostabilized  water  cover  keeps  the  temperature  of 
all  tubing  at  a  constant  37  C.  At  the  beginning  of  the  observation 
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Fig.  1.  Olfactometer  for  both  the  flow  method  and  the  pulse  method. 
To  use  the  pulse  method  the  two  valves  designated  by  asterisks  have 
to  be  closed,  but  to  use  the  flow  method  they  have  to  be  open  so 
that  the  path  C-Flask  I-E  can  be  opened  by  the  magnetic  valve  M 
while  is  closed.  Flask  I  and  Flask  II  contain  distilled  water 
and  Flask  II  the  odorant 


interval,  when  the  odorant  air  is  substituted  for  the  neutral  air, 
the  air  exhausted  from  the  nasal  exit  via  E  is  equivalent  in  flow 
and  temperature  to  that  being  delivered  at  the  nasal  exit  from  Flask 
II  (and  III).  The  odorant  air  reaches  the  nasal  cavity  2  msec 
after  the  neutral  air  is  replaced  by  the  odorant  air  at  the  input 
to  the  nasal  exit.  Because  of  the  effectiveness  of  the  air  flow 
system  and  the  magnetic  valve,  it  is  possible  to  select  a  stimulus 
onset  time  as  fast  as  40  msec  when  using  the  flow  method.  Even  at 
the  maximal  flow  rate  of  500  ml/sec  no  flow  turbulences  are  observed 
when  a  40  msec  rise- fall  time  is  employed. 

In  our  research  the  nasal  exit  terminates  in  a  funnel  located 
directly,  but  loosely,  in  front  of  the  observer’s  nose  and  is 
connected  to  an  exhauster.  When  using  a  prenasal  application, 
however,  it  is  necessary  to  initiate  each  stimulus  presentation  at 
the  same  moment  in  the  inhalation  process.  For  this  purpose  a 
thermistor  located  directly  in  front  of  the  nose  and  a  suitable 
electronic  circuit  are  used  to  synchronize  the  respiration  cycle 
and  stimulus  presentation.  The  disadvantage  to  this  synchrony,  of 
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course,  is  t)ii'  conf ‘ound  i  nq  that  ori-vns  due  to  tho  iccotdinq  of 
e'Xtta-  or  infitiotarii.il  potentials  as  .00  i  .it  ed  wit  ) »  r  osj  •  i  1  at  or  y 
activity.  Those'  confounding  oltoot  s  oatt  ho  minimised  (KoKil  and 
Platt  iq  ,  ll)7R)  . 

Tho  ol  f  aotoim't  t'i  may  a  1  mo  bo  used  in  t  ho  pul'.o  mot  lud  of 
stimulat  ion.  Hy  switching  tho  valves  on  Tubes  C  an>l  1,  (dr-iq 
nated  with  asterisks  in  via.  I'  the  continuous  flow  ot'neutial  ait 
prioi  t  o  ami  following  ttu'  pi  e'sont  at  i  on  of  tin'  odorant  aio  elimi 
nated.  in  addition,  tho  lise-fall  time  ol  tho  stimulus  may  bo 
reduced  to  approx imat el y  .'0  msec  whi'n  using  tins  mot  lud. 

Purina  stimulation  tho  clicking  noise'  ot  the  valves  ami,  when 
using  the'  pulse  method,  tho  hissing  sound  generated  by  t  he  air  flow 
may  bo  masked  by  white  noise'  pt  e'sont  ed  via  heaelphones  . 

Typical  results  obtained  while  using  the  ol  f act  vurrot  e'i  in 
N't  h  the  t  low  method  and  the  pulse  method  are  shown  in  Pin.  . 

Ti aee  1  (the  upper  trace)  shows  the  result  i nq  waveform  that  occut r od 
when  tronodorous  air  was  presented  to  the  observer  via  the  I  low 
met. hod.  As  can  be  noted,  no  meaningful  potentials  occurred.  Trace 
shows  the'  results  obtained  when  oucalyptol  was  presented  to 
observers  usinq  the  t  low  method.  Pet  ini  to  posit  ive  and  noqat  ive 
deviations  with  readily  measurable'  latencies  occulted.  Ti ace  t 
shows  the  results  obtained  in  response  to  nonodorous  a i r  when  usinq 
the  pulse  method  of  stimulation.  The  potentials  seen  are  f  ?><'  result 
ot  t act  ih'  somat osonsory  st  imulat  ion.  Trace  1  indicates  the  results 
in  response  t  o  oucalyptol  when  usinq  the'  pulse'  method.  The  poten¬ 
tials  we' re  somewhat  eiitfore'nt  than  those'  olicite'd  by  the'  same 
odorant  when  usinq  the'  t  low  me'thod.  The'  maqnitude  v't  Nl  was  not  ire- 
ably  smaller,  and  flu'  latency  was  appf ox  i  mat  <»  1  y  .V  nisev  slroi  t  or  . 
These'  difference's  resulted  pre'sumably  1  10m  the'  intei. action  v't  the' 
posit  ive'  component  ot  the'  somat osonsory  pot  e'nt  ial  and  the'  neqat  ive 
eleviat  ion  ot  the'  olfactory  response.  Kurt  he't  ,  sim'e'  the'  influence' 
of  the'  tactile*  somatosensory  potential  is  not  always  phase'  cohn  e'nt 
to  tire'  olfactory  response,  the'  shape'  e't  the'  result  inq  pv't  cnl  i  a  1  •• 
varie's  considerably.  This  variance'  eliminate:;  the'  possibility  ot  a 
meaningful  evaluation  v't  amplitude’s  or  atcas  v’t  the'  pv't  ent  i  a  1  wlien 
usinq  the'  pulse'  method. 

Table'  t  summarises  tire'  late'ncie's  t  v'i  the'  vai  ions  posit  ive  and 
negative'  potentials  that  occurred  in  1  e'spv'rrse'  tv'  the'  e'lica  l  ypt  v'l  rrr 
the'  f  1  ow  me'tlroei  condit  iv'irs. 

Another  source  ct  art  it  act  e'ite'd  e'atlie'i  was  the'  e'e'irt  1 .1 1  arrd 
peripheral  potentials  associated  with  eye'-bl  i  rrk  i  nq .  The'  pt  esen- 
tat  ion  of  high  concent  rat  ions  v't  air  odorant  often  elicits  eye' 
blinking  responses,  particularly  in  the'  early  minute's  v't  a  data 
gathering  session.  The  associated  ele'cttical  activity  (e'.g., 
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Fig.  2.  Comparison  of  OEPs  obtained  by  the  flow  method  (trace  1+2) 
and  by  the  pulse  method  (trace  3+4).  Lead  Cz/Al.  Negativity  up. 
N~16.  Likewise  in  all  following  records. 


the  electonystogram  record,  ENG)  usually  results  in  a  positive 
potential  (approximately  200  uV)  wnen  the  record  is  obtained  at  the 
vertex  (EEG  position  Cz/Al).  The  interaction  of  the  ENG  and  the 
OEPs  may  result  in  a  variety  of  distortions  depending  upon  the 


Table  I.  Average  latencies  for  OEPs  from  Cz/Al  of  twelve  subjects. 
The  mean  latency  and  the  standard  deviation  (+s)  in  msec  for  twelve 
subjects  are  indicated.  Each  individual  subject's  waveform  repre¬ 
sented  the  averaged  result  of  sixteen  stimulus  presentations.  The 
latency  values  shown  include  the  physiological  time  for  excitation 
and  conduction  as  well  as  the  stimulus  transportation  time  from 
the  prenasal  thermistor  to  the  olfactory  epithelium.  Although 
results  for  only  one  stimulus  intensity  (12.04  dB  re  threshold)  are 
shown,  other  results  indicated  that  the  latency  of  the  OEP  was 
dependent  upon  stimulus  intensity. 


Pi  N1  p2  N2  P3 

222.2+  46.0  317.2+31.9  455.7+43.2  572.7+47.3  695.0+64.4 
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('hast'  t  e'lat  it'us  ol  t  ho  two  pote'tit  ials.  Kie'cjui'iit  ly  an  ine'iesise'  in 
tho  in. i-in  i  t  lull'  ol  I'.'  is  noon  ,  an. I  oce'.is  ioual  ly  t  ho  oomi'toto  ma  kina 
ol  N1  ocnmi.  An  a  result  wo  havo  adopt  e'el  a  pio.-o.lmo  (Ol-TIJUtl 
.lov’o  Io[m'.1  hy  Spre'iiq  (1'TViO  to  eliminate'  01  minimi.'.  ■  tin-  oontiil.n 
l  it'n  oi  art  it  acts  to  tho  ovoko.l  ('otontial  uvor.l  (KoKU  an.i  i-lalli.j 
1  '>7t.)  . 


An  addo.i  benefit  ol  tho  a|'(.  I  ioat  ion  ol  tho  OKI"  1.  Ah  pvoqi am  to 
oliminato  contamination  from  oyo-1'1  ink  is  that  oont  ami  nat  i  on  t  r.m 
otlioi  source's  may  also  ho  oliminato.),  tlaai.lnoi  (l'H'-l),  toi  oxamplo 
has  donor i bo.l  tho  visual  ovoko.l  pot. e'lit  ials  annooiato.l  with  oyo 
movomont  u .  Wo  oonsitloi,  thou,  tho  motho.1  ot  avt'ta.iin.i  only  utiootv 
t  am  i  nat  . -.1  e'KI’s  to  ho  t  ho  most  loliahlo  [’loi'o.luio  .'luvontly  availal'l. 

0HKMICA1.  ST  I  NUhATlON  OK  Till'  TK  l.tl'M  I  NA1 .  NI'K\T 

Many  sul'st  ancon  that  ovoko  an  .-loot  ro-olfaot  .xn  am  (r.vl  in 
oxi'oi  imont  s  on  animals  excite'  tho  tii.iominal  notvo  hy  stimulatinq 
its  t  i  ot'  novvo  oii.li  tuts  .  lloidlot  (l'h.1.)  .lom.inst  i  at  .'.1  t  1  i  i  ■ .  hy 
rocordinq  tho  aotivity  ol  small  hi  an.'hos  ol  tin'  tii.iominal  noiv, 
while'  stimulatinq  tho  nasal  opi thol  ium.  l'awson  (l'h'.')  w.o  ahlo  to 
loooi.l  oloctvionl  aotivity  in  t  ho  tii.iominal  notvo  wliilo  ohomi.ally 
stimulatinq  tin-  oornoa  ot  tho  rabbit.  in  tinpuhl  i  shod  oxpi’i  imont  s 
in  out  1  ah.'rat  oi  y  wo  havo  l  oooi'.lo.)  looal  pot  out  ials  tt.nn  tho  o.unoa 
ot  tho  fioij  while'  stimulatin')  tho  ooi  ium  an.l  .'on  iunof  iva  with 
linalool  and  ouoalyptol.  Tho  looal  potentials  losomhlo  olosoly  t  he- 
l'.\:  pot  out  ials  in  shapo  hut  havo  a  ('ositivo  .loviation  i  at  he-i  than 
tho  noqativo  potontial  ot  tho  VtV„  Tho  amplitude'  ot  the-  pot  initial 
is  ele'j'i'ii.lont  upon  stimulus  intonsity  an.l  has  an  initial  latonoy  ol 
about  sot-  (sliqhtlv  lonqt-r  than  Tho  oovve'nyx'ndinq  pe'.ik  ot  the' 

ixx: ) . 


This  d  i  root  stimulation  of  tho  tii.iominal  novvo  hy  o.loi  ant  s 
has  lonq  he-oti  a  diffioulty  tor  soiontists  study  inq  tho  oltaotoiy 
syste-m.  Tuoki't  ( 1 '  *  V 1 )  suqqe'st  .'.1 :  "The'  di't'am  ot  tin.linq  an  o.loi  ant 
that  is  purt'ly  olfactory  in  its  stimulatinq  oa(-ahi  l  it  ios  is  still 
unri'.i  1  ize'd.  "  Smith  (1*'71),  as  disousse'.t  ivlilim  ,  aiquoel  that 
"ol  t  a.'t  eiry”  ('Ote'ntials  aro  olioite'.l  sole'ly  hy  the'  e'xoitatiou  ..t  t  tie' 
se'mat  ose'iisory  moelality.  In  e'lii  e’pinion  this  el  i  se-uss  i.'ii  e't  oltaotoiy 
anil  somat  osi'iisi'vy  i  nt  e»ract  ie'n  will  e'ontinui'  until  a  pat  i  out  whoso 
ttiqi'mlnal  sensitivity  is  oompli'toly  lost  e'an  he'  e-xam  i  tu'el .  I'nl.'i- 
tunate'ly  no  such  e'ppi't  t  tin  i  ty  has  as  ye-t  avisi'n  t  e't  us.  Ko  havo, 
howe'Vi'i  ,  e'xamini'el  patie-nts  wlu'se'  titia  oltaote'iia  wi'ti-  loin  e't  t 
followitiq  atii'ini  small  haphy .  In  thi'si-  patie'nts  we-  te'iuiel  a  distinot 

elooroase'  in  the-  amplitude'  e't  ovoke-.l  pot  mit  ia  1  s  i  e'e-oi  .le-.l  in  t  e-spe'iisi' 

t  o  oele'rant  s  e'n  tho  atte'oti'el  side'.  We'  pie-sunn’,  in  t  he-so  patie'nts, 

that  he't  h  the-  oltaotoiy  and  se'mat  .'se-nse'ry  moda  1  i  t  i  e-s  we-i  e>  i  i".pon 

sibli'  ten  the'  rooorele'.l  activity. 
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To  examine  this  problem  further  we  have  performed  the  follow¬ 
ing  experiment.  A  thin  teflon  tube,  2  mm  in  diameter  and  connected 
to  the  olfactometer  exit,  was  inserted  into  the  nose  approximately 
2-3  cm.  The  air  flow  was  directed  either  through  the  lower  nasal 
duct  (Condition  A)  or  towards  the  olfactory  cleft  parallel  to  the 
dorsum  of  the  nose  (Condition  B) .  This  procedure  was  repeated  on 
both  the  left  and  right  sides.  Amyl  butyrate  and  eucalyptol  were 
used  as  odorous  stimuli.  The  evoked  potentials  based  on  sixteen 
stimulus  presentations  in  each  condition  are  shown  in  pig.  3.  in 
each  case  the  potentials  recorded  in  Condition  B  wore  greater  in 
amplitude.  Further,  and  particularly  when  amyl  butyrate  was  pre¬ 
sented,  an  additional  potential  component  appeared  approximately 
300-400  msec  after  the  onset  of  the  stimulus  (either  another  peak 
was  discernible  or  the  existing  peak  broadened  in  shape).  The 
subjective  responses  reported  in  the  two  conditions  were  notice¬ 
ably  different.  In  Condition  A  the  cooling  effect  of  eucalyptol 
was  felt  in  the  "lower"  part  of  the  nose.  In  response  to  the  amyl 
butyrate  the  subjects  reported  the  odor  of  raspberry  but  were 
unable  to  localize  the  sensation.  In  Condition  B  the  sensation  of 
the  two  substances  was  more  "upward"  in  the  nasal  cavity.  Further, 
the  subjects  reported  that  the  perceptions  that  occurred  in 
Condition  B  suggested  the  stimulus  had  a  much  sharper  ("steeper") 
rise  time  than  the  perceptions  elicited  in  Condition  A. 

Also  shown  in  Fig.  3  are  results  obtained  in  Condition  A  in 
response  to  eucalyptol  following  ttie  application  of  a  local  anes¬ 
thesia  to  the  lower  and  middle  nasal  duct.  The  resulting  evoked 
potentials  wore  considerably  smaller  in  amplitude  except  for  an 
unusual  characteristic.  Following  a  substantial  delay,  a  late 
positive  potential  appeared.  The  potential  occurred  according  to 
a  perception  reported  by  the  subjects  that  was  localized  in  the 
pharynx. 

Two  possible  explanations  for  ttie  data  reported  in  the  experi¬ 
ment  described  above  are  noteworthy.  First,  it  was  our  intent  to 
vary  the  manner  in  which  the  odorant  reached  the  olfactory  mucosa. 

In  Condition  A  wo  imagined  the  odorant  would  infiltrate  upwards 
relatively  slowly  through  the  nasal  cavity.  In  Condition  B,  however, 
wo  were  assuming  the  odorant  would  reach  the  olfactory  mucosa  more 
directly  and  more  rapidly.  The  perceptual  results  of  the  experiment 
as  reported  by  the  subjects  apparently  confirm  our  intentions. 

Further  the  elect rophy s iological  results  suggest  that  the  rise-t ime 
of  the  stimulus  may  be  of  critical  importance  in  determining  the 
magnitude  of  the  OFP. 

Another  explanation  of  the  potentials  shown  in  Fig.  3  is  that 
stimulation  in  Condition  B  may  have  elicited  responses  in  trigeminal 
receptors  that  are  different  from  and  more  sensitive  than  those 
receptors  stimulated  in  Condition  A.  Finally  ttie  results  reported 


wmhb am 


j 


OLFACTORY  EVOKED  POTENTIALS 


293 


in  this  experiment  may  also  help  account  for  the  negative  results 
reported  by  Smith,  et  al.  (1971).  Using  the  flow  method  of  stimu¬ 
lation  the  design  of  their  olfactometer  required  a  large  volume  of 
gas  resting  in  the  odorous  cylinder  to  be  accelerated  and  then 


transport 
the  onset 
OKP . 


ed  a  considerable  distance  to  the  subject.  As  a  result 
time  of  the  stimulus  may  have  been  too  slow  to  elicit 


t  he 


DISTRIBUTION  OF  AMPLITUDES  AND  I.ATKNCIKS  ON  THF  HUMAN  SKULL 

As  suggested  in  the  introductory  remarks,  an  examination  of 
the  topographical  distribution  of  evoked  responses  on  the  human 
skull  may  provide  information  helpful  m  the  separation  of  ol- 


Fig  ' .  Aid’s  after  stimulation  of  tin-  lower  (A)  and  of  the  upper 
(B)  parts  of  the  nasal  cavity  by  amyl  butyrate  and  by  eucalyptol. 
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factory  and  somatosensory  responses.  Additionally  i nf ormat  ion 
provided  l>y  such  an  analysis  can  be  used  to  determine  the  opt  im.il 
number  of  recording  sites  that  should  be  employed  in  tin-  measut  e- 
ment  of  OKI’s. 

To  conduct  such  an  examination  MEG  records  were  obtained  at 
nineteen  positions  (on  the  10/20  class  i  f  i  cat  ion )  on  tin-  skull  in 
response  to  eucalyptol  presented  at  the  right  nostril  via  t  lie  flow 
method.  The  recordings  were  made  in  two  separate  sessions.  in 
the  first  session  ten  positions  in  the  frontal  part  of  the  skull 
were  used.  Eight  positions  in  the  real  of  the  skull  wore  examined 
in  a  second  session.  In  addition,  position  Cz  (vertex)  was  included 
in  lioth  sessions  for  comparison  purposes.  Position  Al  (the  left 
mastoid)  was  the  reference  point  for  all  jtositions.  All  kmc.  records 
were  recorded  on  a  12-channel  Siemens-mingograph  as  well  as  stored 
on  magnetic  tape  (Sangamo  sabre  VI:  PCM  by  Johne  and  Reilhofet 
1 K 1 .’ )  . 

Ten  subjects  were  initially  employed  in  the  experiment:.  Three 
of  the  ten  subjects  had  to  be  eliminated  due  to  heavy  eye-blinking. 
Of  the  remaining  seven  subjects,  five  were  examined  in  all  condi¬ 
tions  on  two  separate  session;:  (i.e.,  the  recordings  on  both  the 
frontal  and  rear  positions  of  the  skull  were  repeated) .  The 
remaining  two  subjects  were  examined  entirely  on  one  occasion.  An 
overload  ol  art i tactual  components  required  the  omission  ot  some 
of  the  sessions.  As  a  result  final  data  analysis  was  computed  on 
eight  sessions  recorded  at  the  frontal  sites  and  eleven  sessions 
recorded  at  the  real  posit  ions.  A  further  comp li cat  ion  resulted 
when  some  ot  the  recording  sites  yielded  no  measurable  jx’t  ent  inis 
(or  a  minimal  number  of  non- zero  values! .  As  a  consequence  no 
analysis  of  variances  could  be  employed. 

Some  of  the  results  of  the  experiment  are  shown  in  Fig.  -1.  At 
the  upper  left  position  of  the  figure  a  typical  evoked  response  is 
illustrated.  Additionally  the  Nl/P.’  amplitude  (a),  t  he  p.'  N2 
amplitude  (hi  ,  the  area  under  N1  (Ml)  and  the  area  under  N.’  (m2) 
are  illustrated.  At  the  lower  left  of  the  figure  are  the  evoked 
potentials  obtained  on  one  subject  at  Ix’th  the  frontal  sites 
(lower)  and  the  rear  sites  (upper)  on  the  skull.  On  the  right  side 
of  pig.  -1  are  the  results  of  the  amplitudes  and  area  measurements. 
Cndei  "a"  are  the  N1  '1'.'  measurements  summarized  on  a  ''-point  scale 
from  black  (maximum  amplitude)  to  white  (minimum  amplitude'.  The 
results  under  ”b"  summarize  the  r2/N2  amplitude  measurements ,  etc. 
The  illustration  of  each  skull  is  divided  into  a  x  '■>  matrix  which 
corresponds  to  the  international  10/20  o 1  ass i t ieat ion.  The  illus¬ 
tration  immediately  under  "a"  and  "b"  (tow  11  summarizes  the  results 
obtained  at  the  frontal  positions,  and  the  illustrations  just  below 
(row  21  summarize  the  results  at  the  teat  positions..  The  combined 
results  are  shown  in  row  1.  Tin1  results  of  the  area  measurements 
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Fig.  4.  Distribution  of  amplitudes  and  areas 


of  OFPs  (maximum  Mack)  . 


have  been  combined  into  the  row  four  illustration  (even  though  they 
are  collected  in  two  separate  sessions).  The  results  shown  in  pig. 
4  are  the  mean  values  for  seven  subjects. 

In  general  the  late  unspecific  potentials  reached  their  great¬ 
est  amplitude  at  recording  sites  near  the  vertex.  The  maximum 
N1/P2  amplitude  occurred  directly  at  the  vertex,  and  the  second 
highest  amplitude  occurred  at  C3  (the  position  adjacent  to  the  vor- 
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tox  anil  contralateral  to  the  stimulated  nostril).  The  maximum  P2/N2 
amplitude  occurred  at  F z  and  ■* .  The  results  of  the  measurements 
of  the  area  under  N!  and  under  N2  were  distributed  similarly  to  the 
amplitude  results. 

Tin-  upper  half  of  Fig.  5  summarizes  the  results  of  amplitude 
measurements  of  each  of  the  five  identifiable  peaks  (Fl ,  Nl ,  P2, 

N2,  PI)  when  the  measurements  were  made  from  the  "baseline  of  the 
KEG"  Ttie  baseline,  illustrated  as  a  straight  horizontal  line  in 
the  evoked  response  shown  in  Fig.  4,  is  the  linear  average  of  each 
EF.G  record.  The  results  shown  in  Fig.  5,  like  those  in  Fig.  4,  are 
the  mean  values  obtained  from  seven  subjects.  The  results  indicat¬ 
ing  the  distribution  of  amplitudes  on  the  skull  for  N1  are  similar 
to  the  distribution  measured  on  Nl/r.2.  Further,  the  topographical 
distribution  of  N2  was  similar  to  that  for  N2/P2. 

Kesults  concerning  the  averaged  latencies  for  the  five  peaks 
(Pi,  N1 ,  P2,  N2 ,  pi)  relative  to  the  onset  of  the  stimulus  are 
summarized  in  the  lower  half  of  Fig.  5.  Again  a  9-point  scale  from 
black  (maximum  latency)  to  white  (minimum  latency)  was  employed. 

An  examination  of  these  results  points  out  that,  at  least  for  the 
Nl  and  N2  peaks,  the  topographical  distribution  of  the  minimum 
latencies  is  similar  to  the  distribution  of  the  maximum  amplitudes 
(and,  conversely,  maximum  latencies  are  similar  to  minimum  ampli¬ 
tudes).  The  relationship  between  the  topographic  distribution  of 
amplitudes  and  latencies  for  the  other  peaks  (Pi,  P2,  P3)  is  more 
complex. 

Ttie  results  displayed  in  Fig.  4  were  submitted  to  a  factor 
analysis  (diagonal i zat ion  method,  varimax  rotation),  omitting  those 
positions  which  sometimes  yielded  no  measurable  potentials.  Although 
the  results  of  the  analysis  for  the  amplitude  and  latency  measures 
ol  each  component  of  the  potentials  are  too  numerous  to  summarize 
in  this  paper,  several  results  were  noteworthy.  In  the  examination 
of  tli,'  topography  of  the  Nl  potential  (amplitude),  three  factors 
with  loads  greater  than  0.7  (p  o,oM  were  noted.  Factor  I  pointed 
towards  the  central  positions  (loads.:  -0.96  for  Oz,  -0.''r>  for  C3); 
Factor  II  to  the  precentral  positions  (loads:  0.82  for  T4  and  0.86 
for  F3)  ;  Factor  III  to  the  cont  ralater.il  positions  (loads:  0.89 
for  F7  and  0.90  for  TO.  Similar  results  and  loads  were  obtained 
when  the  latency  of  Nl  was  analyzed.  In  our  opinion  those  results 
suggest  the  presence  of  three  underlying  variables.  Tin-  first 
relates  to  the  central  positions  (vertex),  the  second  to  the  pre¬ 
central  positions  and  the  third  to  the  left-right  displacement . 

When  the  amplitude  of  N2  was  examined  similarly,  three  factors 
were  again  extracted.  They  also  exhibited  loads  of  similar  magni¬ 
tude  (Factor  I:  0.92  for  Cz ,  0.84  for  C4  and  0.79  for  O';  Factor 
II:  0.89  for  T3;  Factor  III:  0.71  for  T4).  The  results  of  the 
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Fig.  5.  Distribution  of  amplitudes  and  latencies  of  OEPs  (maximum 
black) . 


analysis  of  the  latency  of  N2  were  similar.  Again  we  interpret 
these  results  as  suggesting  the  presence  of  three  underlying 
variables  which  relate  to  the  central  positions,  to  the  left  side 
and  to  the  right  side. 

The  analysis  of  the  potentials  (amplitude  and  latency)  on  the 
occipital  parts  of  the  skull  brought  up  only  one  factor.  The 
factor  corresponded  quite  nicely  with  the  distribution  of  the  OEPs 
which  become  smaller  as  the  electrode  is  moved  in  an  occipital 
direction  (see  Fig.  4). 


LATENCIES  BLACK  a,  LONGEST  AMPLITUDES  BLACK  a  MAXIMUM 


?98 


k  H  PI  ATIKi  and  o.  kobai 


OONOU'.S  ION 

Although  much  research  i  iiiuins  to  bo  completed  and  we  are 
only  at  .in  i nt onnodi.it e  point  in  out  investigations;  tin-  icsults 
obtained  thus  tat  permit  several  tentative  cone  1  us. ions . 

First  it  is  quite  eleat  that  t  lie  t  opog  raph  i  ca  1  distribution 
Of  the  evoked  potentials  on  the  skull  are  a  nonrandom  arrange¬ 
ment  that  reach  a  maximum  at  01  neat  the  vertex.  The  amplitude 
and  latency  of  the  various  component  s  ot  the  potentials  displayed 
relatively  specific  patterns  in  response  to  stimulation  by  euealyp 
tol  at  the  right  nostril.  Our  hypothesis  that  the  OFF  reflects 
activity  from  both  the  somat  om  nsory  and  olfactory  systems,  howew 
has  not  yet  been  completely  confirmed.  Nevertheless,  our  results 
suggest  there  is  probably  more  than  one  goncr.it  01  rosjvnsiblc  for 
the  evoked  potentials.  The  exact  number  ot  generators  and  the 
underlying  systems  to  which  they  ate  associated  remain  to  be 
ver if i ed. 


Although  the  topographical  arrangement  of  the  OFF  on  the 
skull  is  quite  complex,  vui  results  suggest  that  only  two  elec¬ 
trodes  are  necessary  to  record  reprcsent.it  ive  OFFs.  To  do  so,  on< 
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Fig.  b.  Time  course  of  single  components  of  OFFs  during  averaging 
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electrode  should  be  located  at  Cz  and  the  other  at  a  precentral 
position  (e.g.,  f4)  .  of  course,  for  omitting  eye-blinking  artifacts 
as  discussed  earlier  it  is  also  necessary  to  record  the  ENG 
potent ia Is . 

Finally,  we  feel  that  further  confirmation  of  our  hypothesis 
concerning  the  generators  of  the  OKI1  may  be  gained  by  examining 
the  time  course  of  adaptation  of  the  various  components  of  the  OKP. 
The  details  of  an  experiment  we  are  conducting  currently  and  some 
early  results  are  shown  in  Fiq.  6.  Briefly,  we  are  examining  the 
changes  in  amplitude  that  occur  in  Nl,  P2  and  N2  (designated  on  the 
upper  left  of  Fig.  6)  as  well  as  the  changes  in  the  magnitude  of 
the  areas  of  Nl  ("Fl"  in  Fig.  6),  P2  ("F2")  and  N2  ("F3")  as  an 
odorant  is  presented  twelve  times  in  succession.  The  odorant  we 
are  examining  is  eucalyptol  at  an  intensity  of  10.8  dB  re  thres¬ 
hold.  The  interstimulus  interval  in  the  succession  of  twelve 
presentations  is  50-60  sec. 

A  cumulative  record  of  the  EEC.  recordings  made  on  one  subject 
during  a  single  session  are  shown  in  the  lower  left  portion  of  Fig. 
6.  The  lower  record  was  elicited  in  response  to  the  first  presen¬ 
tation  of  the  stimulus;  the  second  record  is  the  cumulative  EF.G 
response  to  the  first  two  stimulus  presentations,  etc.  The  twelfth 
record,  then,  is  the  cumulative  EEC.  of  all  twelve  stimulus  presen¬ 
tations.  On  the  right-hand  side  of  the  figure  some  of  our  results 
are  summarized.  Each  function  displays  the  cumulative  result 
that  occurred  during  the  twelve  presentations  of  the  odorant.  The 
amplitude  values  are  displayed  on  the  left  ordinate  (for  Nl ,  N2 
and  p2)  and  the  area  values  for  Nl  (Fl),  P2  (F2)  and  N2  (F3)  on 
the  right-hand  ordinate.  (A  cumulative  function  that  increased 
linearly  throughout  the  twelve  presentations  would  indicate  that 
the  component  being  measured  remained  constant  in  response  to  cacli 
stimulus  presentation.  A  horizontal  cumulative  function  would 
indicate  the  component  had  disappeared. ) 

Several  interesting  findings  can  be  noted.  For  example,  the 
amplitude  of  the  Nl  wave  remained  relatively  constant  throughout 
the  first  five  presentations  of  the  stimulus,  was  somewhat  reduced 
in  magnitude  through  the  eighth  presentation  and  had  completely 
adapted  and  disappeared  during  the  latter  presentations.  The 
amplitude  of  the  P2  wave,  on  the  other  hand,  remained  relatively 
constant  throughout  the  twelve  stimulus  presentations.  The  magni¬ 
tude  of  the  N2  wave,  in  contrast,  seemed  to  oscillate  somewhat 
during  the  session.  The  results  of  the  area  measurements  indicated 
a  pattern  of  adaptation  similar  to  that  exhibited  by  the  amplitude 
measures. 

At  the  present  time  we  are  making  similar  analyses  on  data 
collected  on  many  subjects  in  several  experimental  conditions.  We 
continue  to  believe  that  the  time  course  of  adaptation  of  the 
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various  components  will  l>v  useful  in  distinguishing  those  aspects 
of  the  OKP  attributable  to  the  somatosensory  system  and  those  tarts 
resulting  from  olfactory  ;  rocesses. 
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An  improved  device  is  described  for  olfactory  st imulation  via: 
(a)  the  "pmlse  method",  and  (b)  the  "flow  method",  only  the  flow 
method  (with  stimulus  onset  and  offset  times  ot  40  msec  each) 
guarantees  repiroduc ible  records  of  olfactory  sensory  activity  by 
avoiding  mechanorecept ive  artifacts;  additional  control  of  thermo- 
cep’tive,  auditory  and  eye-blinking  artifacts  is  necessary.  Human 
olfactory  evoked  responses  from  nineteen  different  sites  of  the 
skull  are  demonstrated.  The  components  Nl,  NO  and  p2  wit!:  differ¬ 
ent  rate:;  of  adaptation  are  more  clearly  recognizable  than  PI  and 
p).  Nl  (which  is  possibly  of  somatosensory  origin)  occurs  370-350 
msec,  NO  (possibly  of  olfactory  origin)  520-630  msec  and  P2  occurs 
410-500  msec  following  the  stimulus  onset.  The  maximum  amplitude 
of  Nl  is  recorded  in  the  central,  contralateral  (to  the  stimulated 
nostril)  area  of  the  skull  and  the  maximum  of  N2  is  found  at  tile 
precentral  ipsilateral  area. 
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KVKNT  RELATED  SCALP  POTENTIALS  DURING  A  BIMANUAL  CHOICE  R.T.  TASK : 
TOPOGRAPHY  AND  INTERHEM  I  SPHERIC  RELATIONS 


R.  Ragot  and  A.  Remond 

Elect  trophy  s  io  Logy  and  Applied  Neurophysiology  Laboratory 
Salpetriere  Hospital,  75634  Paris  Cedox  11  (Franco) 

INTRODUCTION 

T)io  general  purpose  of  this  experiment  is  to  evaluate  the  speci¬ 
ficity  of  electrophysiological  correlates  of  decision  making  in  the 
brain;  in  particular,  its  main  goal  is  to  investigate  possible 
relationships  between  right  and  left  hemisphere  scalp  recorded  elec¬ 
trical  activity  during  a  choice  reaction  time  task  and  either  the 
stimulated  or  the  responding  side  of  the  body. 

Much  work  lias  recently  been  devoted  to  the  study  of  electrical 
correlates  of  prepatory  mechanisms  before  movement.  In  man,  tools 
for  investigation  range  from  purely  behavioral  (RT  and  performance) 
to  scalp  recorded  LEG  activities  (readiness  potentials,  premotor  and 
motor  potentials,  contingent  negative  variation,  the  P300  wave  of  the 
evoked  potential,  etc. )  through  electromyography  and  other  indexes. 

The  readiness  potential  (RP) ,  a  large  negative  shift,  appears 
on  the  scalp  prior  to  a  voluntary  movement  (Kornhuber  et  al. ,  1965; 
Gilden  et  al.  ,  l‘)77;  Vaughan  et  al.,  1968;  Deecke  et  al.,  1968; 
Gerbrandt  et  al,,  1973).  it  is  well  established  now  that  the  final 
phase  of  this  component  and  the  motor  potential  (MP) (also  negative) 
that  occur  during  the  movement  tend  to  peak  precentrally  on  the 
scalp  contralaterally  to  the  part  of  the  body  involved  in  the  move¬ 
ment  (Kutas  and  Donehin,  1977).  This  negative  phase  is  followed  by 
an  abrupt  positive  postmovement  deflection  called  the  "reafferent 
potent ial" . 

If  the  preparatory  stimulus  warns  the  subject  that  lie  will  have 
to  make  a  movement  with  the  right  hand  on  the  arrival  of  the  impera¬ 
tive  stimulus,  the  negative  shift  appears  larger  in  the  left  hemis- 
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{'hi'i'i'  ami  vice  von; a  (Syndulko  and  l.imi;;li'y,  1*177). 

The  i* 300  (latency  250-1)00  msec),  a  laic  comi'oncnt  of  the  sensory 
evoked  potential,  appears,  or  is  ijreat  ly  enhanced,  it  the  stimulus  is 
t  ask  relevant  (Sutton  et  a  1 .  ,  1907),  ot  uncertain  (Sutton  et  ul., 
1905),  rare  (Cooper  et  al.,  I'l77j  Squire;;,  1977),  if  it  is  expected 
but  does  not  occur  (Weinberg  et  al.,  1970;  Simson  et  al.,  1970; 
Kenault  and  Lesovre ,  in  press;  Klinke  et  al.,  1908;  Renault  et  al., 
in  press)  or  if  the  occurring  stimulus  is  different  from  the  expected 
stimulus  (Demaire  and  Cogue ry ,  1977;  Courchesne  et  a!.,  1975).  if 
visual  stimuli  are  delivered  in  random  order  either  in  the  right  or 
left  peripheral  visual  field,  and  if  the  subject  is  required  to  res¬ 
pond  only  to  one  ot  these  stimuli,  the  components  of  the  VHP ,  ami 
the  P 300  in  particular,  appear  enhanced  after  the  presentation  of 
this  stimulus  (Van  Voorhis  and  llillyard,  1977). 


The  above  mentioned  studies  demonstrate  that  the  topography 
and  amplitude  of  both  the  CNV  in  preparation  for  a  motor  act  ami 
the  P  till)  tol  lowing  t  hi'  reception  of  an  expected  stimulus  depend 
on  afferent  (sensory)  and  efferent  (motor)  information.  The  ['resent 
study  investigated  whether  any  of  the  electrical  event;;  occurring 
between  the  stimulus  and  the  response  dining  a  bimanual  choice 
RT  tusk  were  correlated,  either  with  the  responding  hand  or  with 
the  stimulated  side  of  the  body.  Because  the  stimuli  are  task  rele¬ 
vant,  this  experimental  paradigm  was  expected  to  induce  'M00  compo¬ 
nents  . 

This  situation  was,  however,  preceded  by  a  simple,  self-paced 
movement  task  in  order  to  compare  the  electrical  pattern  due  to  a 
complex  stimulus-response  paradigm  to  that  produced  by  the  movement 
a  lone. 
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General  Setup 

Four  male  and  three  female  volunteers,  aged  all  right- 

handed,  served  as  subjects  for  the  experiment..  Handedness  was  deter¬ 
mined  using  a  {'laying  card  dealing  test  (Zazzo,  1*>(>0)  ;  all  subjects 
used  the  right  hand  spontaneously  to  perform  the  test,  and  dealing 
duration  was  more  than  twice  as  long  when  they  were  asked  to  employ 
tile  left  hand  instead  of  the  right  hand. 

Subjects  were  seated  iu  a  comfortable  chair  in  a  dark,  sound 
attenuated  room;  they  were  asked  to  relax  all  muscles  as  much  as 
possible,  contracting  only  those  involved  in  the  motor  act.  The 
movement  consisted  in  a  right  or  lett  index  finger  [ness  on  a  micro¬ 
switch.  Pressure  required  for  contact  closing  was  300  t  20  g,  and 
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displacement  of  the*  index  finger  wan  *  mm.  Swift-hen  were  fixed  on 
a  light  cardboard  cylinder  grasped  with  lxd  h  hands  by  the  subject 
and  resting  on  his  knees.  In  ordet  to  avoid  any  auditory  fecdKick 
from  the'  switch  ope'rat  ion,  evirplugs  wm  «'  worn  by  the  subjects.  sinr 
larly  a  small  luminous  crons  was  used  as  a  gaze  1  ixat  ion  jxrint  I  o 
prevent  eye  movome'nt  s  during  st  imnlat  ion. 


Scalp  potentials  weie  rc'c-ordrd  with  seven  col  1  od  i  on-a  f  f  i  xed 
Beckman  elect  lodes  placed  along  a  tiansverse  1  i tic'  tunning  between 
two  points  situated  1  cm  in  front  of  the'  auditory  canal  via  the'  vet 
tex.  This  ele'ctrode'  placement  was  chosen  in  order  I  o  detect  lx>th 
motor  potential  components  and  plOOs,  and  especially  t  o  evaluate* 
their  lateral  topography.  Tnt  erele'ct  rode'  distance'  was  l.1*  cm,  and 
the'  mean  of  the'  two  e'arlobo  pote'nt  ial.  s  was  t  ake'ir  as  a  rrfere'nce. 
Simultaneous  vertical  and  horizontal  e'lect  r o-oculograms  we'ie'  also 
recorded;  this  permit  tod  the'  e'l  iminat  ion  from  the'  average'  ol  all 
self-paced  movements  or  response's  which  we're'  affe'cted  by  eye' 
movemernt  s . 


The'  time  constant  of  the'  KF.G  channe'ls  was  1.  5  sec;  the'  time' 
constant:  of  the'  oculogram,  .  1  sec.  Analog-to-digital  conversion 
performed  on-line';  data  wore'  stores!  on  digital  tape'  and  processed 
later  by  computer  (BGF  M40) . 


Se'lf-Pace'd  Move'We'nt  s 


The  task  consistent  of  a  sclf-pace'd,  right  and  le'ft  inde'x  tinge- 
pressing  on  the'  microswitch.  A  re'gular  pace  of  2  see-  was  reepiired 
in  e>rele'  r  to  compare'  the'  situation  with  the'  rc'aot  ion  time'  proce'dure', 
atul  subjects  succeeiloel  in  keeping  this  pace  within  re'asonable'  limit 
(l.R  te>  2.5  sec)  . 


Choice'  Reaction  Time'  Situation 

The  stimuli  consisted  of  a  brief  flash  (*  msec  duration)  from 
l  ight  emitting  diode's  place'd  on  a  panel  standing  approximately  4o 
cm  in  front  of  the  .subject.  The'se  .stimuli  appeare'd  within  a  f  i  xe'd 
perierd  (2  sec)  and,  at  random,  either  10*  to  the'  right  or  the'  le'ft 
of  the  fixation  point;  their  color  also  varienl  randomly,  eitheM  r  e>d 
err  green.  The'  subject  was  rc'guirod  t  o  pre'ss  with  the'  right  index 
(R)  if  the'  light  flashed  green  a  net  with  the'  left  index  (Id  if  it 
flashed  rc'd ,  irrespective  of  the  location  ot  the'  stimulus  Ion  the' 
right  (r)  or  on  the'  le'tt  (1)  of  the'  fixation  fxrintl. 

Ceuise'ejue'nt  ly  the'  four  possible'  situations  that  appe'ar  randomly 
can  be'  labe'le'd  lR,  rt.  (when  the'  response'  must  be'  giveur  cent  val at  or  ¬ 
ally  to  the'  stimulus),  rR  and  11.  (if  the'  response  is  to  be'  given  on 
the'  same'  side  a:;  the  stimulus).  Prior  to  event  re'late'd  potential 
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recordings,  subjects  were  given  practice  runs.  Krror-free  perfor- 
mance  was  achieved  after  an  average  of  twenty  to  thirty  trials. 


DATA  ANALYSIS 


Computer  Data  Processing 

After  suitable  filtering  (elimination  of  50  cycle  interference), 
responses  were  averaged,  and  spatiotemporal  (equipotent ial )  maps  were 
plotted  (Remond,  1961).  Each  map  is  the  average  of  seventy  to  ninety 
responses,  and  the  time  reference  (trigger)  corresponds  to  contact 
closing  of  the  index  operated  microswitches. 


Statistical  Analysis 

The  data  between  subjects  exhibit  large  standard  deviation 
interindividual  variabilities  which  are  greater  than  those  due  to 
differences  between  situations;  in  this  case,  a  good  practice  is  to 
calculate  differences  between  situations  for  eacti  subject  and  then 
to  test  whether  the  mean  of  these  differences  is  statistically  dif¬ 
ferent  from  zero  or  not.  The  data  obtained  here  exhibit  Gaussian 
distributions,  and  samples  are  independent;  it  is,  therefore,  legi¬ 
timate  to  use  Student's  "T"  for  comparisons.  Data  were  also  ana¬ 
lyzed  witli  a  nonparametric  sign  test. 


RESULTS 


Self-Paced  Movements 

In  agreement  with  the  literature,  all  subjects  exhibited  a 
large  negativity  before  the  movement  and  a  positive  wave  after  the 
movement.  However,  inter individual  differences  between  spatiotem¬ 
poral  characteristics  were  important  and  appeared  largest  when  com¬ 
pared  to  intersituation  (right  or  left  index  flexion)  differences. 
Typical  spatiotemporal  maps  of  these  results  are  shown  in  Fig.  I. 

The  premotion  negativity  (readiness  potential  or  "RP")  started 
at  a  mean  latency  of  200  msec  before  the  motor  act,  slowly  rising 
towards  a  peak  culminating  approximately  30  msec  after  the  motor 
act.  This  peak,  called  motor  potential  (MP) ,  appeared  significantly 
contralateral  to  the  movement  (t  =  3.45,  p  .02)  witti  a  Student's 
test,  and  p  <-  .05  witti  a  sign  test;  see  Table  I  and  Pig.  2). 

For  six  subjects  out  of  seven,  the  amplitude  of  the  MP  was 
larger  during  the  left-hand  movement;  this  result  is  not,  tiowever, 
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Fig.  1.  Spa t i ot empor a 1  maps  during  a  self-paced  right  (R)  and  left 
(L)  index  flexion.  Underlying  chronogram  represents  activity  at 
the  vertex  electrode.  Average  responses  of  eighty  movements,  at  a 
rate  of  approximately  2  sec,  triggered  on  the  mechanogram.  1.6  |iV 
potential  difference  on  all  maps  between  two  successive  isopotential 
lines;  linked  earlobe  references;  +  and  -  signs  indicate  peaks  or 
dips  of  potential. 


statistically  very  significant  (t  =  1.99,  p  <  .10  with  a  Student's 
test )  . 


The  MP  was  sometimes  preceded  by  a  relative  positivity  (sub¬ 
jects  ER,  BG,  CR)  occurring  just  during  the  motor  act  and  called 
promotion  positivity  (PMP) .  However,  this  event  was  not  reliable 
enough  to  be  taken  into  account  in  the  present  analysis. 


The  positive  component  that  followed 
called  the  "reafferent  potential",  appear 
except  for  subject  rr  tor  whom  it  peaked 
movement.  Its  mean  latency  was  140  msec 
very  small  variability. 


movement  completion, 
ed  bilaterally  distributed, 
contralutorally  to  the' 
after  the'  motor  act  with 
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1‘i'i.  ftvei  a.|e  topooiaphy  .m3  .implilu.1i'  ot  Mis  « .■>»  (  In-  ..even 

subjects.  Ti’|v'oi  .'phy  i-.  count  p-'s  1 1  i  w  1  v  t  owai  .Is  t  lie  t  i.jht  hemis¬ 
phere  .in.1  tu'.j.il  ivcly  tow.il. Is  tlio  left  with  respect  to  Me 

maxima  .lie  contt.il.itei.il  to  the  movement  ,  an.1  then  absolute  ampli- 
t  n-1e  i.  l.u.iel  I  oi  .1  lett  in. lex  (lesion.  St. m. 1, it. 1  .1evi.it  ion  is 

.icioss  the  seven  snhie.-t  .. 


The  P  ICO  wives  t  e.i.-he.l  theii  maximum  .implitu.le  l.itei  in  the 
conti.il.itei.il  than  in  the  ipsil.itei.il  sitn.it  ion  (T.il-le  It  .tn.1  ri>). 

•U.  This  was  ohsei  veil  in  all  subjects,  the  mean  increase  in  latency 
hein.i  equal  to  <■!  msec.  This  .litteience  is  statistically  significant 
(p  •  .0'.  with  si. Ill  test;  t  *» .  4  •! ,  p  .  iH'1-  with  Stu.lent's  test'. 

Conversely,  theie  was  no  market  .litteience  in  the  latency  ot  p  '00 
with  respect  to  the  i  .'sp.in.1i  n>i  ha  ml. 

This  .lit  tei  en. 'e  in  the  latency  ot  the  P  U't'  wave  was  aoeompanie.l 
hy  a  similai  .litteience  (.'tl  msec'  in  the  tenet  ion  time  l-etwcen  the 
.  out  i  a  lat  et  a  1  an.1  ipsilateial  situations  which  was  also  ol'serve.1  in 
all  seven  subjects  (p  C-  with  si.jn  test;  T  p  •  .  Oi'1-  with 

Stu.lent's  test'.  These  l  .'suits  ai  e  in  an  l  cement  with  puiely  beha- 
Viol.il  expei  iment  s  (.'tall  an.1  Simon,  l"'t'l.  The  tespon.iin.)  han.1 
ha.l  no  effect  on  the  K'V  either. 

To.  jet  h.'i  with  this  ett.-ct  on  KT  an.1  latency  ot  the  p  hV  waves, 
the  amplitu.1t'  ot  the  n  h'i's  was  also  m.xliti.xl;  they  appeal  e.l  laiaei 
(mean  .implitu.le  equal  to  li'.-»  ,V  with  i  espect  to  the  Iviselme'  in 
the  cent i a  1  at et a  1  situation  than  in  the  ipsilateial  situation  (mean 
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Stimulation  Response 


Fig.  3.  Spat iotomiK>r.il  maps  during  bilateral  choice  KT  task. 
Stimulus  appearing  regularly  every  2  sec,  either  in  the  right  (r ) 
or  in  the  left  (1)  visual  half-field,  randomly  and  requiring  either 
a  right  ( R)  or  left  (I.)  index  flexion.  Average  responses  to  eighty 
movements  triggered  on  the  meohanogram;  1  inked  earlobe  reference. 


amplitude  =  8. 5  uv) .  This  difference  was  also  observed  in  all  seven 
subjects  (p  *.  .05  with  sign  test;t  R.77,  p  v  .001  with  Student’s 
test ) . 

The  responding  hand  had  no  marked  effect  on  the  absolute  ampli¬ 
tude  of  the  P.100,  but  it  modified  the  topographical  distribution  of 
the  p 100  wave  which  culminated  slightly  on  the  right  (1.7  cm)  of  the 
vertex  for  a  right  hand  movement  and  on  the  left  (1.8  cm)  for  a  left 
hand  movement ,  These  differences  are  significant  (p  •-  .Ok  with  sign 
tost;  t  -1.54,  p  <  .005  with  Student's  test). 
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RT  P  300  Latency  Topography 

(msec)  (msecj  (cm) 


Amplitude 

(pV) 


KiR.  4.  Average  KT,  and  latency,  topography  and  amplitude  of  p  100 
peak. *5  for  the  seven  subjects.  The  topography  of  the  PlOOs  is  ipsi- 
lateral  to  the  responding  tnind.  KT  is  longer  in  contralateral 
situations,  togothei  with  the  latency  of  P100  peaks.  In  the  oontra- 
1  at  oral  situations  P100  ampl  itudes  are  larger. 


PIOOUSSION 

In  the  KT  situation  subjects  have  to  act  in  response  to  the 
co lor  ot  till-  st  i mul us;  here  the  movement  programming  is  subsequent 
to  a  decision  which  requires  a  certain  amount  of  information  proeess- 
i  ng . 

The  electrical  patterns  observed  on  the  scalp  in  this  situation 
differ  from  the  self-paced  task  mainly  in  that  they  all  exhibit 
a  large  positive  wave  (P100)  before  the  response.  This  P 100  com¬ 
ponent  seems  t  o  appear  superimposed  on  t  lie  emerging  negative  readi¬ 
ness  potential.  In  a  few  eases  a  slight  negativity  can  he  observed 
fol lowi ng  the  p)00,  and  at  the  same  latency,  that  of  the  self-paced 
mot  or  potential.  This  could  explain  why  t  ho  P100  topography  appears 
tv'  be  dependent  on  the  responding  hand.  Indeed,  it  the  Ml'  (negative) 
or  the  last  part  of  the  KP  (also  negative)  does  super impose  on  the 
P-100,  pattial  cancellation  would  oooui  on  t  ho  lvtont  ials  recorded  on 
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tin-  ln-mi  spht'iv  contra  lat  oi  a  l  to  ttu-  responding  hand,  thus  iiu  k  1  ng 
tin-  l'  ion  p  r  t  ’il  i  mi  i  ii.it  i*  on  the  ipsilateral  hemisphere. 

The  P  <0Os  .ue  muoli  smaller,  ot  even  absent  ,  with  stimulus  alone 
when  no  task,  is  requited  (this  well  known  faet  has  been  verified  in 
the  I'te'.ent  experiment  for  two  subjects).  No!  are  these  waves 
present  during  the  self-paced  task.  Consequent  ly  they  appear  to 
let  loot  a  lee  is  ion-making  proees-s;  it  the  »>300  is  accept od  as  being 
•each,  an  index  ot  relevant  responsi-  evaluation,  then  the  results 
obtained  in  the  present  expei  intent  can  be  explained  as.  follows:  in 
the  i'ont  i  alat  ei  al  situation  longei  KTs  ,  ai'compan  i  ed  with  a  longer 
P  TdO  latency  indicate  (al  that  the  response  takes  more  time  for  the 
subject  to  evaluate  and  (b)  that  the  response  is  dependent  on  the 
P300. 


Moreovt'i  ,  the  fact  that  P  too  amplitude  is  larger  in  the  contra¬ 
lateral  than  the  ipsilateral  situation  is  an  additional  argument  in 
fav'oi  of  the  alcove  mentioned  significance  ot  the  P  too  index. 

The  logical  relationship  from  cause  to  effect  of  this  succession 
ot  events  could  be  traced  in  this  way:  contralateral  stimulus- 
response  evaluation  takes  a  longer  time,  this  leads  to  a  longer 
latency  for  the  P TOO  and  this,  in  turn,  increases  the  KT.  Why 
evaluation  itself  takes  a  longer  time  remains  to  be  explained,  but 
two  hypotheses  can  be  formulated: 

(1)  Afferent  information  takes  a  longer  time  to  reach  the  cont ra- 
lateral  hemisphere  (approximately  10  msec),  but  this  fact  alone 
cannot  be  responsible  for  the  long  difference  observed  concerning 
the  P  TOO  increase  in  latency  (  T-l  msec)  as  well  as  the  KT  increase 
(38  msec). 

(3)  Innate  and  learned  body  responses  are  better  organized  to  be 
arried  out  by  the  limbs  ipsilateral  to  the  stimulation  (Simon, 
l  He*)  ;  this  would  seem  to  be  a  logical  process  as  a  defense  reflex 
or  as  a  simple  energy  saving  process. 


CONCLUSION 

A  negative  shift  occurred  prior  to  the  self-paced  movement 
becoming  cont ra lat oral  towards  the  end,  and  a  positive  shift  followed 
the  movement. 

During  the  bilateral  choice  KT  task  the  P too  culminated  on  the 
hemisphere  ipsilateral  to  the  stimulation;  this  could  ho  the  result 
of  partial  cancellation  of  the  P  TOO  and  the  negative  MP  on  the 
hemisphere  contralateral  to  the  movement. 


The  cont i alateral  situation  appeared  to  have  two  significant 


3U 


R  RAGOTANDA  REMONO 


effects  on  the  P300s:  their  latency  was  increased,  as  was  the  mean 
KT;  their  amplitude  was  ilso  increased  compared  to  that  obtained 
in  the  ipsi lateral  situation.  This  can  be  explained  by  assuming 
that  the  F3U0  i:  an  index  of  decision-making.  A  contralateral 
stimulus-response  task,  which  is  more  difficult  to  evaluate  (having 
larger  P300s)  ,  takes  more  time  for  the  decision  to  be  accomplished 
(having  delayed  P300s)  which,  in  turn,  leads  to  a  longer  RT. 


SUMMARY 

This  study  was  undertaken  in  order  to  investigate  the  specif i- 
city  of  the  electrical  events  observed  on  the  scalp  during  a  choice 
reaction  time  task,  particularly  when  the  response  is  contralateral 
or  ipsi lateral  to  the  stimulation. 

Seven  right-handed  subjects  were  requested  to  press  a  switch 
as  fast  as  possible  with  their  right  index  finger  in  response  to 
a  green  light  and  with  their  left  index  finger  in  response  to  a 
red  light.  These  stimuli  appeared  at  random,  within  2  sec  intervals 
and  at  a  10°  angle,  either  on  the  right  or  the  left  of  a  fixation 
point. 

For  the  seven  subjects  in  these  four  situations,  a  large  posi¬ 
tive  potential  (P300)  appeared,  peaking  approximately  50  msec  before 
the  response.  This  peak  was  shifted  towards  the  right  hemisphere 
before  a  right  hand  response  and  vice-versa.  This  result  could  be 
related  to  the  fact  that  the  ends  of  the  readiness  potential  and 
the  motor  potential  were  contralateral  to  the  movement,  thus  par¬ 
tially  cancelling  the  P300  contralateral lv  to  the  response. 

The  latency  of  this  P300  was  longer  in  the  contralateral  situa¬ 
tion,  as  was  the  RT;  also  the  amplitude  of  the  P300  was  larger  in 
this  case  with  respect  to  the  ipsi lateral  situation.  Consequently 
the  P300  latency  and  amplitude  appear  as  electrophysiologieal 
indexes  of  the  difference  in  information  processing  required  when 
the  response  is  or  is  not  to  be  given  on  the  same  side  as  the  stimu¬ 
lus. 
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li.  Konaul  t  and  N.  Uvit-vro 

Kl  oot  I  ophys  i  oloqy  .itl.l  A|'|'lii'.l  Nourophys ioloqy  1  „iK  u  ,i(  .  m  y 
Hopital  ,li-  l„i  !  -  a  1  pe  t  i  it'll'  7’q.  14  Paris  redox  1  I 


INTKi'l'lVTU'N 

The  piesent  wot  k  was  undertaken  in  oidoi  to  study  tin-  mechanism- 
undoilyinq  tin-  v.nioiis  -dunes  ot  |vnv|.|  nv  .in. I  pot  ee|  q  i  v>  '-mot  oi 
|'t  ooossos  by  analyrinq  tin-  ob.ii  ,iot  ot  i  st  i  os  (latency,  amplitude  .in. I 
t opoqi aphioal  di  i  ibut  1011I  ol  1 1  e 1 oct rophy s i ol oq l ea 1  ooi  ml  .it . 

Tho  I'l.iin  t espouse  lo  ,i  iol.-v.int  stimulus  whioh  dolivets  intoi 
m.ition  thi’  -mb  loot  has  to  prooo.s  in  oidoi  to  poitoim  a  task  (in 
patfioulai,  a  iu.it  oi  taskl  i  ■■  quite  a  complex  losponso  ina.lo  up  ol 
stimulus  and  motor  related  component  s  (occurtinq  usually  durinq  tho 
tit  d  ,10(1  msool  ,  lol  lowed  by  slow  oomponout  ■■  whioh  are  oonsidoiod 
to  bo  .'ll  i  o  t  1  y  I  o  1  a  t  o.l  to  1 1  i  t  i  vo  pi  .vossos  .  The  -  to  slow  o,  mi[  'onont  ■ . 

i  no  1  ndo ,  in  paid  ioulai  ,  tho  so  oallod  Phil'  wave  whioh  is  ot  I  on  pi  o 
oodod  by  a  npqative  oomponout  ,  N.'OO.  N.'OO  is  dittioult  to  analy/o 
>  hoc  it  out’ll  t  S  (at  least  in  tho  ease  ot  visual  -dimulil  at  t  ho 
same  t  ime  as  tho  P.'OO  visual  oomponout  .  Indeed,  this  p.'i'i'  oomponout 
"sual  has  so  laiqo  an  amplitude  and  so  wide  a  lopoqiaphio.il  di-. 
tt  ibut  ion  on  tho  scalp  that  not  only  does  it  hide  N.'OO  but  since 
tho  scalp  not  s  as  a  spatial  avoiaqet,  it  sometimes  also  minqles 
with  p  li'O . 

Poi  the  above  loasons  wo  have  used  in  this  study  tho  "missinq 
stimulus"  paiadiqrn  roquiiiuq  a  mot  ol  losponso  I  i  om  tho  subject  when 
ovo  1  tho  stimulus  i  omitted.  This  expel  i  most  a  1  situation  is 
paid  ioulai  ly  suitable  tot  sludyinq  tho  ptopaiatoiy  -dune  ot  poioop 
t ion;  mot eovei,  with  such  a  paiadiqm  tho  elect tioal  ooiiolatos  ot 
percept  i  vo  mot  .i  pioeo-.seo  aio  not  do-t  oi  I  o.l  b\  tho  st  intuitu-  tel. tied 
pot  out  inis. 
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In  a  previous  work  deal ing  with  tho  same  missing  stimulus  para¬ 
digm  in  which  either  a  motor  task  or  a  counting  task  was  required 
of  the  subject  in  response  to  each  missing  stimulus  (Renault  et  ol., 
in  press),  two  types  of  responses  to  omission  were  differentiated  on 
the  basis  of  spatio-temporal  criteria:  a  "vertex  typo",  in  which 
both  components  (the  negative'  and  the  positive)  peaked  at  the  ver¬ 
tex,  and  a  parietal  one.  These  topographical  characteristics  were 
related  to  the  nature  of  the  task  required  from  the  subject.  The 
parietal  type  of  omission  response  was  significantly  more  frequent, 
and  the  parietal  activity  was  of  higher  amplitude  during  the  count¬ 
ing  task.  The  vertex  type  was  more  frequently  observed  during  the 
motor  task.  On  the  other  hand,  during  tho  motor  tasks,  contrary  to 
the  positive  waves  which  often  appeared  during  or  iust  after  the 
motor  act,  the  negative  component  always  occurred  before  the  mot  os 
act.  The  latency  of  the  negative  component  was  strongly  correlated 
with  the  reaction  time  (KT).  This  last  result  suggested  that  the 
negative  components  could  reflect  a  preparatory  stage  of  decision 
depending  upon  sensorimotor  processing,  whereas  the  positive  waves 
might  be  related  more  to  the  execution  of  the  task.  These  assump¬ 
tions  were  based  on  the  high  correlation  observed  between  tho  laten¬ 
cy  of  each  component  of  the  omission  response  and  tho  reaction  time 
(HT) .  In  fact,  such  a  high  correlation  between  these  two  phenomena 
(omitted  response  and  reaction  time)  is  not  necessarily  the  sign  of 
causal  relationships  since  they  could  both  depend  upon  a  third  in¬ 
ternal  event,  e.g.,  tho  subject’s  estimation  of  tho  moment  the 
omission  should  have  occurred. 

Therefore,  after  having  designed  an  experiment  enabling  eval¬ 
uation  c'f  the  accuracy  of  this  "time  estimation"  of  ttie  subject,  the 
present  work  was  undertaken  in  order-  to  shed  some  light  on  tire 
nature  of  the  internal  events  which  determine  response.  This  was 
achieved  by  analyzing  t  tie  rolat  ionsh  ips  between  the  "time  estima¬ 
tion  of  file  omission"  and  the  various  characteristics  of  the  scalp 
recorded  omission  response,  as  well  as  those  of  the  performance  of 
the  required  task. 


mi:thopoux:y 


Kxper iment at  Pcs ign 

Seven  normal  adults  (six  right-handed  and  one  left-handed) 
served  as  subjects  for  this  study.  Tire  responses  to  omitted  stimuli 
were  obtained  in  situations  during  which  450  visual  stimuli  (appear¬ 
ance,  in  the  center  of  a  screen,  of  a  20°  checkerboard  for  msec) 
were  del ivered  at  a  rate  of  one  per  second.  Ten  percent  ot  the 
stimuli  wcr<'  randomly  omitted.  Irr  order  to  minimize  eye  movements, 
subjects  were  asked  to  fixate  the  center  of  the  screen. 
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Two  different  omission  situations  were  tested.  In  the  first 
situation  subjects  were  asked  to  beat  the  rhythm  (with  the  second 
finger  of  their  preferred  hand)  at  the  same  frequency  as  that  of  the 
visual  stimuli;  whenever  the  visual  stimulus  was  missing  they  were 
required  to  give,  as  quickly  as  possible,  an  additional  motor  res¬ 
ponse  (KT)  with  the  same  finger.  The  "beaten  rhythm"  was  considered 
as  an  index  of  the  subject's  time  estimation  of  the  moment  the  stim¬ 
ulus  should  have  occurred;  its  latency  with  respect  to  this  moment 
was  taken  as  a  measure  of  the  subject's  accuracy  of  time  estimation 
(ATE) .  in  order  to  estimate  the  modifications  introduced  by  the 
"beaten  rhythm",  a  second  situation  was  used  in  which  subjects  were 
only  asked  to  give,  as  quickly  as  possible,  a  motor  response  after 
each  omission.  Both  movements  (beaten  rhythm  and  RT  movements)  con¬ 
sisted  of  a  finger  displacement  towards  a  photoelectric  cell  and 
thus  required  very  little  strength.  This  kind  of  movement  was 
chosen  in  order  to  minimize  scalp  recorded  potentials  related  to 
the  motor  act  (Kutas  and  Donchin,  1977) . 

In  addition,  in  order  to  study  motor  related  potentials  in 
absence  of  all  other  event  related  potentials,  a  third  situation  was 
recorded  during  which  the  subject  was  asked  to  perform  self-paced 
finger  displacements  at  approximately  the  same  rate  of  one  per 
second  with  any  visual  stimuli  occurring. 


>  Electrophysiological  Recordings 

Recordings  were  made  with  a  montage  of  eight  equally  spaced 
electrodes  (10%  of  the  nasion-inion  distance  apart)  extending  from 
inion  to  Fz  and  thus  including  Oz,  Pz  and  Ca.  Electrodes  were  re¬ 
ferred  to  linked  ears.  The  time  constant  was  1.5  sec  with  an  upper 
bandpass  limit  of  220  Hz.  Horizontal  and  vertical  electro-oculo¬ 
grams  were  recorded  and  every  response  occurring  during  or  after 
an  eye  movement  was  suppressed  from  the  analyzed  data. 

On-line  analog-to-digital  conversion  was  performed  at  a  500/ 
sec  sampling  rate.  The  data  were  displayed  off-line  by  computer 
(BCE  Gamma  M40)  in  form  of  chronograms  and  spatio-temporal  maps 
(Remond,  1961)  .  Spatio-temporal  maps  were  obtained  for  each  sub¬ 
ject  from  single  trial  data  following  each  missing  stimulus  as  well 
as  from  averaged  data.  In  this  case  for  each  subject  the  averaging 
process  was  triggered  successively  by  the  moment  of  occurrence,  by 
that  of  the  "beaten  rhythm"  and  that  of  the  motor  response  (RT)  to 
the  missing  stimulus.  Besides,  all  the  single  trial  omission  res¬ 
ponses  (45  per  subject  in  each  situation)  were  averaged  across  sub¬ 
jects,  the  time  trigger  for  this  averaging  process  being  one  of  the 
peaks  of  the  response. 
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Recognition  Procedure  in  the  Trial  by  Trial  Study 

For  each  subject,  the  missing  stimulus  response  obtained  from 
average  spatio-temporal  maps  was  utilized  as  a  template  in  order  to 
visually  identify  each  component  of  each  single  trial  response  to 
omission.  The  single  trial  peaks  were  visually  identified  on  each 
map  prior  to  knowing  the  time  of  occurrence  of  each  motor  act  (beat¬ 
en  rhythm  and  reaction  time  response) .  This  visual  analysis  was 
performed  within  a  time  window  extending  from  one  second  before  an 
omission  to  one  second  after.  The  only  responses  taken  into  account 
were  those  for  which  the  signal-to-noise  ratio  made  it  possible  to 
measure  the  values  of  latency,  amplitude  and  topography  for  each 
component . 


KKSUI.TS 


Organization  of  the  Single  Trial  Omission  Responses 

As  seen  on  the  average  single  trial  maps  obtained  across  sub¬ 
jects,  in  both  situations  (with  and  without  the  presence  of  a  "beaten 
rhythm")  the  response  to  the  missing  stimulus  was  made  up  of  a 
negative  component  beginning  in  the  parieto-occi pital  region  (Na) 
which  peaked  later  towards  the  vertex  (Nb)  followed  by  two  positive 
components,  the  first  one  peaking  at  the  vertex  (Pa)  and  the  second 
one  (i'b)  peaking  in  the  parieto-occipital  region  (Fig.  1)  .  It  must 
be  noted  that  during  both  situations  (with  and  without  the  beaten 
rhythm)  the  parieto-occipital  activity  began  around  the  moment  of 
the  omission  and  lasted  for  boo  msec,  whereas  the  central  activity 
(Nb  and  pa)  began  approximately  200  msec  after  t he  omission  and 
stayed  on  for  250  msec  (this  vertex  activity  disappeared  about  4r'0 
msec  after  the  omission).  A  slow  late  negative  wave  was  also  seen 
peaking  posterior  to  the  central  area.  It  followed  in  time  the  ver¬ 
tex  positivity  and  ended  approximately  at  the  onset  of  t he  next 
visual  stimulus. 

In  fact,  such  an  organization  of  the  omission  response,  includ¬ 
ing  Na ,  Nb,  Pa  and  Pb,  was  found  in  7b*  of  all  single  trial  responses 
Tlie  remaining  24*  of  responses  could  be  distributed  into  three  groups 
the  first  one  was  composed  of  only  one  negative  wave  followed  by 
one  positive  wave,  both  peaking  at  the  vertex  (IT*  of  the  cases); 
the  second  one  was  made  up  of  two  components  both  peaking  in  the 
parieto-occipital  region  (b*) ;  the  remaining  5*  were  made  up  of 
omission  responses  in  which  the  peaks  of  the  two  negative  waves  (Na 
and  Nb)  were  clearly  differentiated,  the  first  one  peaking  in  the 
parieto-occipital  region,  the  second  one  on  the  vertex,  both  ol  them 
followed  by  a  positive  wave  peaking  in  the  same  region. 
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Fiq.  1.  Average  of  165  sinqle  trial  omission  responses  (across 
subjects)  triggered  by  the  negative  vertex  peak.  Above,  the  data 
obtained  from  four  derivations  of  the  montage  are  represented  in 
the  form  of  chronograms.  Average  horizontal  (broken  line)  and 
vertical  (plain  line)  eye  movements  are  superimposed  in  the  upper 
traces.  Below,  the  spatiotemporal  map  obtained  from  the  whole 
montage.  Amplitude  is  plotted  in  the  form  of  isopotential  lines  as 
a  function  of  time  (in  abscissa)  and  space  (electrode  location  in 
ordinate) ;  the  values  between  two  successive  electrodes  are  obtain¬ 
ed  by  interpolation.  From  one  isopotential  line  to  the  next  the 
difference  of  potential  is  equal  to  1.6  |iV.  Plain  thick  lines 
indicate  potential  0;  plain  thin  lines  indicate  negative  potentials 
broken  lines  positive  potentials.  The  omission  response  extends 
from  50  to  650  msec;  the  exact  location  of  the  peaks  is  indicated 
by  the  sign  -  or  +  according  to  their  polarity.  The  mean  and  stan¬ 
dard  deviation  values  of  RTs ,  ATEs  and  moments  of  occurrence  of  the 
next  visual  stimuli  (VS)  are  indicated  in  the  abscissa. 


NEGATIVE  PEAKS 


Fig .  2.  Histograms  of  the  peaks'  locations  obtained  from  the  most 
typical  type  of  omission  response  (76*  of  the  cases,  see  text). 
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This  spatio-temporal  organization  -  in  particular  that  illus¬ 
trated  by  the  simile  trial  responses  made  up  of  four  well  differ¬ 
entiated  peaks  -  suggests  that  (wo  cortical  regions  play  a  role  in 
the  genesis  of  both  the  negative  ami  positive  components  of  the 
omission  response:  the  par iet o-occ i pi t a  1  area  fot  the  negative  Na 
and  positive  Pb  waves,  and  the  central  area  for  the  negative  Nb  and 
positive  Pa  waves.  This  assumption  is  supported  by  the  topographi¬ 
cal  analysis  of  the  most  typical  response  to  omission  which  has  boon 
described  above  (70%  of  the  single  trial  responses,  Pig.  1).  Indeed 
as  shown  by  the  peak  location  histograms  of  their  components  (Pig.  2) 
the  distribution  of  the  positive  components  Pa  and  Pb  differed  quite 
significantly  (t  U>,  p  ■  .0001);  moreover  the  peak  location  histo¬ 

gram  of  the  negative  component  appeared  as  bimodal ,  thus  corroborat¬ 
ing  the  existence  of  two  active  regions  -  a  parietal  and  a  central 
one  -  which  might  show  the  maximum  of  their  activity  either  simul¬ 
taneously  or  successively. 

Average  Scalp  Potentials  Related  to  the  Motor  Act 

The  spat iotomporal  organization  of  the  average  potentials 
related  to  self-paced  movement  (third  situation)  was  quite  differ¬ 
ent  from  that  of  the  omission  response  (Pig.  t)  .  It  mainly  consist¬ 
ed  of  two  successive  waves,  a  negative  one  appearing  before  the 
movement  (readiness  potential)  followed  by  a  postmotor  wave.  Both 
these  motor  related  components  peaked  more  anteriorly  than  did  the 
omission  response  in  the  f ronto-central  region.  As  it  could  be 
expected  on  account  of  the  nature  of  the  required  movements,  their 
amplitudes  were  quite  small  (less,  than  l  uV)  compared  to  the  ampli¬ 
tudes  of  the  components  of  the  omission  response  which  all  had  a 
mean  value  of  approximately  20  nV  (Table  I). 


Fig.  3.  Averaged  motor  related  potentials  obtained  during  the  self- 
paced  movement  situation  (seven  subjects,  eighty  mot oi  acts  pet  .sub¬ 
ject).  On  the  time  scale,  0  indicates  the  occurrence  of  the  aoto- 
gram  which  triggered  the  average  process.  Between  two  successive 
isopotential  lines,  the  difference  of  potent  ial  is  equal  to  .8  uV . 
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Table  1.  Characteristics  of  the  peaks  of  the  omission  response 
(average  of  each  trial  across  subjects) .  ATE  and  latencies  (L)  are 
measured  in  msec  with  respect  to  the  instant  of  the  omission;  topo¬ 
graphies  (T)  are  measured  in  %  of  the  nasion-inion  distance  with 
respect  to  the  inion;  amplitudes  (A)  are  measured  in  pV  with  respect 
to  the  baseline. 


Time  Relations  Between  Omission  Responses,  "Beaten  Rhythms"  and  RTs 

For  each  situation  (with  and  without  beaten  rhythm)  Table  I 
depicts  the  mean  characteristics  (obtained  across  subjects)  of  the 
single  trial  omission  responses,  RTs  and  ATEs.  It  must  be  noted 
that  the  latencies  of  the  components  of  the  omission  response  did 
not  significantly  vary  across  the  two  situations  (with  and  without 
beaten  rhythm) ,  whereas  RTs  were  significantly  longer  in  the  beaten 
rhythm  situation  (t  =  4.54,  p  <  .001).  As  the  duration  of  the 
movement  is  approximately  60  msec,  this  RT  lengthening  must  be  due 
to  a  mechanical  inertia  phenomenon  since  the  beaten  rhythm  and  the 
motor  act  are  performed  by  the  same  finger. 

As  seen  in  Table  II,  all  components  of  the  omission  response 
always  occurred  after  the  beaten  rhythm.  Concerning  the  RT  res¬ 
ponse,  the  negativj  components  always  occurred  before  the  motor 
reaction  time  response,  whereas  Pa  could  peak  just  after  the  motor 
act  in  some  cases  (10%) ,  and  Pb  either  just  before  or  a  long  time 
after  this  motor  act.  The  large  range  of  variation  of  the  RTs  with 
respect  to  the  latency  of  the  peaks  of  the  omission  response  must 
be  noticed  (Table  II) . 

However,  in  both  missing  stimuli  situations  the  latencies  of 
the  different  waves  of  the  omission  response  were  strongly  and 
positively  correlated  with  the  RTs,  whereas  their  correlations  with 
ATEs  were  much  lower  (Fig.  4) .  Moreover,  ATEs  and  RTs  were  weakly 
correlated  (r  =  .35).  Thus  the  variability  of  ATEs  cannot  explain 
either  the  variability  of  the  latencies  of  the  omission  response 
or  that  of  the  RTs,  and  consequently  those  two  latter  variables 
(RTs  and  ATEs)  do  not  depend  on  each  other. 

This  absence  of  correlation  between  ATE  and  RT  prompted  us 


. 
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Tali  1 1'  ii.  Time  relations  between  peaks  of  the  omission  response, 
RTs  and  ATKs . 


to  process  our  data  in  the  following  way  in  order  to  better  under¬ 
stand  the  time  relationships  between  these  various  events:  Across 
subjects  all  single  trial  reaction  times  were  divided  into  quartile 
as  a  function  of  their  duration,  and  the  corresponding  single  trial 
omission  responses  were  then  averaged  together  as  a  function  of 
the  RT  quartiles  (Fig.  5).  A  significant  relation  was  then  found 
between  the  duration  of  RTs  and  that  of  tin'  negative  parietal  wave. 
The  longer  the  RT,  the  longer  this  wave  lasted.  The  onset  of  this 
parietal  wave  was  not  correlated  to  the  RT,  nor  was  the  duration 
of  the  other  components.  In  addition,  the  increase  in  duration  of 
the  parietal  negative  component  of  these  average  omission  responses 
was  less  important  than  that  of  the  corresponding  RT  quartile 
(Fig.  5)  . 


Fig.  -1.  Latencies  of  the  negative  peak  of  the  omission  response 
plotted  against  KTs  (on  the  left)  and  against  ATFs  (in  the  middle) 
ATKs  against  RTs  are  plotted  on  the  right.  The  corresponding 
coefficients  of  correlation  are  noted  in  a  cartridge. 
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Fig.  5.  Avo raged  spatio-temporal  maps  (across  subjects)  triggered 
by  tlie  negative  peak  of  the  omission  response  for  the  first  KT 
quart ile  (above)  and  the  fourth  rt  quartile  (below).  Between  two 
successive  isopotential  lines  the  difference  of  potential  is  equal 
to  1.6  nV. 


DISCUSSION 


Hypothet ical  Underlying  Generators 

The  spatiotemporal  organization  of  the  omission  response 
analyzed  in  the  present  study  confirms  the  existence  of  two  active 
cortical  regions  playing  a  role  in  the  genesis  of  this  potential: 
the  parieto-occipital  area  and  the  central  one,  the  former  being 
active  for  a  longer  time  than  the  latter.  Since  the  seal;'  acts  as 
a  spatial  averager,  the  activities  from  both  generators  (the 
parietal  and  the  central  one)  most  of  the  time  add  up,  yielding 
a  complex  response  which  exhibits  an  apparent  flowing  of  activity 
going  from  the  parietal  towards  the  central  area  for  the  negative 
components  and  from  the  central  to  the  parieto-occipital  region 
for  the  positive  components. 

Those  results  confirm  our  previous  findings  concerning  this 
omission  response  (Renault  and  Lesevre,  in  press;  Renault  et  al., 
in  press)  as  well  as  the  existence  of  the  two  types  of  P300  (a 
central  Pa  and  a  parietal  Fb)  first  reported  by  Squires  et  al . 
(1975).  Moreover,  they  confirm  the  existence  of  negative  waves 
preceding  each  P300,  a  vertex  one  (reported  by  Courchesne  et  al., 
1976;  Squires  et  al . ,  1977)  and  a  long  duration  parietal  one  des¬ 
cribed  by  Simson  et  al.(1976). 

This  omission  response  was  followed  by  a  negative  frontal 
potential  of  long  duration  (Figs.  1  and  5)  which  spread  all  over 
tlie  scalp  and  lasted  until  the  occurrence  of  the  next  visual 
stimulus.  This  late  negative  potential  cannot  be  due  to  the 
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readiness  potential  related  to  the  motor  act  (illustrated  in  Fig. 
i)  since  its  spatio-temporal  organization  is  quite  different  and 
its  amplitude  much  higher,  and  also  because  it  still  goes  on  a  long 
time  after  the  performance  of  the  motor  act.  Squires  et  al.(1975) 
were  the  first  to  report  the  existence  of  a  slow  wave  (S.W.)  which 
was  described  as  being  negative  at  Fz ,  near  zero  at  Cz  and  positive 
at  Pz;  our  spat iotemporal  data  (Figs.  1  and  5)  suggest  that,  in 
fact,  the  negative  Fz  and  positive  Pz  must  probably  represent  two 
distinct  phenomena,  one  (positive)  ending  in  the  parieto-occipital 
region  when  the  other  one  (negative)  is  starting  in  the  frontal 
region.  The  fact  that  this  negative  frontal  activity  lasts  until 
the  onset  of  the  next  expected  visual  stimulus  is  in  favor  of  its 
probably  being  a  CNV . 


Omission  Response  and  Timing  of  Percept ivo-Motor  Processes 

Concerning  the  time  relationships  between  the  various  electro- 
physiological  and  behavioral  events  analyzed  in  the  present  study, 
the  following  results  have  emerged: 

a)  The  latency  of  each  component  of  the  omission  response, 
i.e.,  of  the  parietal  as  well  as  the  vertex  peaks,  was  positively 
correlated  with  the  KT  but  appeared  to  be  independent  of  the  sub¬ 
ject's  estimation  of  the  moment  the  omission  should  occur,  evalu¬ 
ated  by  the  beaten  rhythm.  These  findings  are  consistent  with 
the  assumption  that  all  peaks  of  the  omission  response  reflect 
dec i s ion -making ,  but  not  with  the  hypothesis  that  the  time  estima¬ 
tion  of  the  moment  the  stimulus  should  appear  represented  the 
internal  t ime  trigger  on  which  depends  the  spat iotemporal  organ¬ 
ization  of  the  omission  response. 

h)  The  increase  of  the  latencies  of  all  peaks  of  the  omission 
response,  which  was  observed  when  RTs  increased,  was,  in  fact,  due 
t.'  an  increase  of  the  duration  of  the  first  parietal  wave  and  not 
to  a  delayed  time  estimation  of  the  moment  the  stimulus  should 
have  occurred.  This  finding  suggests  that  this  parietal  negative 
wave  could  reflect  some  stimulus  evaluation  process.  The  longer 
ttiis  process  would  last,  the  later  the  decision  to  respond  would 
occur.  Resides,  it  must  be  noted  that  several  previous  findings 
are  consistent  with  the  hypothesis  that  this  negative  component 
is  chiefly  related  to  stimulus  characteristics,  in  particular  its 
topography  has.  been  said  to  change  according  to  sense  modality 
(Simson  et  al.,  1976),  or  in  the  case  of  missing  visual  stimuli, 
according  tv'  the  position  of  the  expected  stimulus  in  the  visual 
field  (Renault  and  hesevre,  in  press). 

c)  Two  other  results  of  ours  must  ho  taken  into  account :  on 
the  one  hand,  the  fact  that  the  increase  in  RTs  was  .always  more 
important  than  that  of  the  duration  of  the  negative  parietal  wave, 
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and,  on  the  other  hand,  that  there  were  large  variations  of  the  tinu 
of  occurrence  of  all  peaks  in  respect  to  the  occurrence  of  the 
motor  act.  These  findings  show  the  complexity  of  these  time  rela¬ 
tionships  and  fit  with  the  view  developed  by  Kutas  et  al.  (1R77) 
regarding  the  existence  of  two  concurrent  processes  initiated  by 
task  relevant  stimuli,  i.e.,  a  stimulus  evaluation  process,  which 
would  lie  reflected  in  our  data  by  the  duration  of  the  negative 
parietal  wave,  and  a  response  selection  process.  In  addition, 
our  results  suggest  that  the  vertex  peaks  (Nb-Pa)  could  index  the 
"coupling"  between  these  two  parallel  processes.  Indeed,  this 
coupling  would  produce  some  sort  of  a  surprise  effect  (vertex 
response)  which,  in  turn,  would  permit  quickly  giving  an  overt 
response  whenever  the  selection  response  process  is  already  over 
(quick  KT  cases)  or  starting  this  selection  response  process 
(slow  RTs ) . 

In  conclusion,  our  results  support  the  assumption  that  the 
negative  parietal  activity  (Na  wave)  could  reflect  the  stimulus 
evaluation  time,  whereas  the  vertex  Nb-Pa  waves  would  index  the 
instant  when  the  two  above-mentioned  parallel  processes  (the 
motor  and  the  sensory  one)  get  coupled.  Therefore,  the  parietal 
positive  activity  (Pb)  would  last  as  long  as  the  sensorimotor 
processing.  It  should  be  noted  that  in  such  a  speculative  model 
the  time  occurrence  of  the  Pb  wave  with  respect  to  the  motor  act 
would  be  an  electrophysiological  correlate,  depending  upon  the 
"strategy"  the  subject  uses  during  such  complex  motor  KT  tasks. 

This  strategy  can,  indeed,  favor  either  speed  or  accuracy  of 
reaction  (Kutas  et  al.,  1977)  or,  in  other  words,  either  the  motor 
or  the  sensory  aspect  of  the  task  evaluation  (Renault  et  al . ,  in 
press) .  When  speed  or  motor  evaluation  is  emphasized,  the  motor 
act  occurs  before  the  parietal  positive  wave,  and  on  the  contrary, 
when  accuracy  or  stimulus  evaluation  are  emphasized  the  motor  act 
then  occurs  after  this  Pb  wave. 


SUMMARY 

This  study  was  intended  to  explain  the  relations  between  event 
related  potentials  obtained  in  a  missing  stimulus  paradigm  and  il 
the  estimation  of  the  moment  of  occurrence  of  the  missing  stimulus; 
ii)  the  sensorimotor  processes  involved  when  ttie  subject  is  asked 
to  give  a  motor  response  after  having  detected  the  missing  stimulus. 
These  results  support  the  assumption  that  two  processes  are  initi¬ 
ated  after  the  time  estimation  of  the  omission:  a  stimulus  evalua¬ 
tion  process  reflected  by  the  duration  of  the  negative  parietal  wave 
and,  concurrently,  a  response  selection  and  execution  process,  in¬ 
dexed  by  the  overt  motor  response.  Moreover,  it  is  assumed  that 
the  coupling  between  these  two  processes  could  be  reflected  by  the 
vertex  negative-positive  potentials,  whereas  the  relative  timing 
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of  the  KT  with  respect  to  the  parietal  positive  activity  would  he 
related  to  the  strategy  used  by  the  subject. 
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I'vn  t  in*  last  tew  yi’.u  ?:  out  laboiutory  Imm  applied  event  i  c 
1  .»t  ml  potent  i.il  (PKp)  teeluiiques  in  tluee  m.i  i  n  i  cMMh-li  mens: 
psyehop.it  liolvKjy ,  normal  .njiinj  .uul  dimjs  ot  abuse.  In  thin  i  ese.iroh 

w«  h.w»'  used  a  v.n  ift  v  ot  olieit  i  nq  .»  v.n  » « '  t  y  ol  PKP  eom- 

pononts.  It  i  .  a  m.it  t  «m  ot  et  t  i  e  i  eney  I  n  admitiistei  .»  battery  ot 

I  mi  .nil  ijnir ;  t  * »  sub  i  «vt  s  t  i  .  mi  popu  1  a  t  i  oils  th.it  .it  o  *  1  i  t  t  i  on  It  t  o  se l ee t 

.uni  iivi  nit  .  The  paradigms  in  .i  battery  .ire  chosen  to  elii*it  PKP 
eoniponent  .  .it  v.u  ions  recording  site.*,  .uni  1  .it  eno  i  os  ,  .uni  which  l  r- 
tleot  v. u  ions  stages  .uni  types  ot  hi  a  i  n  activity. 

The  sensory  unnl.ility  we  li.we  used  has  been  pt  ini.il  ily  and i t oi y . 
Oni  subjects  sit  in  .i  sound  .it  t  eiin.it  e.  1  eh.imhei  .uni  he.u  clicks, 
noise  hursts  oi  shaped  tone  hurst:;.  I'epeinliinj  on  the  paradigm, 
hi.iin  stem  potent  inis,  in  i « 1»  1 1 « *  l.itenoy  .uni  .unlit  ory  evoked  pot  ent  i.ils 
(Pi,  N  l  ,  p.* )  oi  tin*  sus  t  .i  i  tied  pot  ent  i a l  (SP)  .ire  el  i  e  i  t  ed .  Pin  lei 

the  pi  opet  t  .i  sk  coin!  i  t  ions  the  pot  ent  i.ils  i  epi  csent  iinj  eounit  ive 

pi  oer  sses  mol  « *  i  i  Min  >t  e  I  I  *  Mil  sens.lt  i  on  .lie  e  1  i  e  i  t  ed  ;  1M,  ol  the  1  ,i  t  e 

posit  ive  wave,  the  i*NY  .uni  the  slow  wave.  The  sons  it  ivity  ot  a 

component  t  »»  the  elinie.il  phenoinen.i  mnlei  st  inly  depends  on  the  pi  o- 
ei.e  eon.  1  i  t  ions  mnlei  whieli  the  component  is  elicited.  liupoit.int 
sens,  'i  y  paramo! oi s  .  1 1 « *  intensity  .uni  i  nt  ei  s  t  i  nm  1  us  interval  (ISl). 
Poqtii  t  ive  paramet  el  s  aie  as  v.uied  as.  the  seope  ot  the  woi  .1  ce*qni 
t  ion.  We  have  use.!  target  .let  eel  ion  tasks,  .liehot  ie  selert  ive 
at  t  ent  ion  tasks,  ami  iiieinory  retrieval  tasks,  as  well  as  non-task 
p.u  a.  1  iqms  . 

St'H  1  ‘.‘i 'PH  KPN  l  A 

Pm  research  in  seh  i  /.ophi  eii  i  a  oneoinp.i  sses  1  hi  ee  studies.  The 
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first  compared  twenty-one  sell izophren i e\s  at  St.  Klizabeths  Hospital 
with  twenty-one  age-matched  controls  (Roth  and  danism,  1“/.').  Sub¬ 
ject  s  were  exposed  to  non-task  relevant  sequences  ot  toner;  and  noise 
bursts  at  about  70  dH  s.ound  pirrsurc  level  (SIM.)  .  The  noise  bursts 
occurred  randomly  with  a  probability  ot  l  IS  and  elicited  a  positive 
wave  at  about  .’.’0  msec  which  war.  pi  eminent  in  control  subjortr;  to? 
the  tirst  twenty  pr vsent  at  i  ons  ot  t Is*  noise  bursts.  In  ret  respect 
this  wave  is  probably  a  composite  ot  p.'  and  PI  component:;.  Schi/.o- 
phrenicr;  generally  showed  no  such  wave.  Only  seven  ot  torty-two 
subject?;  were  mi  sclass  i  f  i  ed  when  a  criterion  voltage  ot  1 . 2  A’  was 
set  for  P 3  amplitude  to  the  tir.-t  ten  stimuli. 

We  explored  this  posit  ive  wave  in  a  serif:;  ot  expel  iment  s 
(Roth,  1973;  Ford  et  al.  ,  1973-,  l‘>7(»a,  197Gb)  and,  attei  developing 
a  paradigm  that  we  thought  would  elicit  a  reliable  IS  in  passive 
subjects  (Roth  et  al.  ,  I97ba)  ,  we  did  a  .second  study  compai  ing 
schizophrenics  and  controls  (Roth  et  al.,  1978a).  Subjects,  were 
twenty- five  schizophrenics  meeting  the  Research  diagnostic  diitetia 
(Rdd)  from  a  Veterans  Admin ist rut  ion  hospital  and  twenty  age-matched 
controls.  Over  one- third  ot  the  patients  were  drug-fret'.  The  .stim¬ 
ulus.  eliciting  P.l  war;  an  80  dh  SIM.  noise  burst  th.it  occurred  ran¬ 
domly  in  a  sequence  ot  background  (eS  dH  SIM.  800  c/sec  tone  pips. 

Half  of  the  noise  burst;;  wore  immediately  preceded  by  a  1.100  c/soe 
tone  pip  which  served  as  warning.  The  probability  ot  the  warning 
tone  and  the  unwarned  noise  burst  were  both  0.1,  and  both  elicited 
19;;.  Unfortunately  this  paradigm  failed  to  show  significant  pi 
differences  between  out  schizophrenics  and  control?;.  Although  mean 
values  of  p3  were  more  than  2 . 8  times  large!  in  eontiels,  there  was. 
much  overlap  ot  P3  amplitude  between  the  two  populnt  ions.  Tin'  chiet 
problem  appears  to  be  that  some  eont  rols  produceil  negligible  pi.-;, 
while  others,  produced  large  ones. 

In  addition  to  the  pi  paradigm,  two  other  paradigm?;  weie  in¬ 
cluded  in  this,  test  battery;  a  0NV  paradigm  and  a  t  one-  i  nt  erva  1  s 
(recovery  function)  paradigm.  Tin'  CNY  was  elicited  by  a  warning 
tone  (Si)  followed  l  see  later  by  a  series  of  light  flashes  (82) 
to  which  subjects  pressed  a  but  tor.  us  quickly  as  possible.  The 
intertrial  intervals,  were  11-88  sec  since  we  wanted  to  be  sure  that 
YNV  resolution  was.  complete  by  the  time  a  new  trial  was  started. 

The  Kl-V.  amplifiers  were  set  to  have  a  time  constant  of  Id  sec. 

Klect  rodermnl  activity  was  eliminated  by  using  pin  electrode?;. 
Averages  were  computed  from  8.8  sec  epoch?;  ot  PPb  which  had  boon 
edited  for  various  artifacts.  Kyo  blink?;  were  compen.sutcd  toi  by 
a  ?;ubtruct  ion  procedure'.  Pig.  1  .show?;  grand  averages  tot  1.8  sec 
of  the'  epoch.  Although  at  IV.  the  (2NY  appears  to  remain  more  negative 
attei  82  for  the  sch  i  zophivnics  than  for  eontreds,  t  hi?;  el  i  f t  et  e'noe 
i?;  not  significant.  We  con?;  i  elere'd  this  failure*  tee  ivpl.  ie\ite  the* 
rebuilt?;  ot  Tims  i  t -Her  t  h  i  eu  e't  al.  (197  1)  atul  the*  Mont  re'ul  group 
(Dobrov?;ky  anel  Uongier,  197(e)  po?;?;ibly  to  be*  dm*  tee  d  i  t  t  e*i  e'nee?;  in 
the'  kind?;  of  patient?;  test  eel.  The  Montre'nl  ejroup  t  ennui  the'  most 
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Fig.  1.  ERPs  for  controls  and  schi zoptircnics  combined  across  all 
subjects.  The  averages  are  comprised  of  about  eleven  trials/sub joct 
X  25  subjects.  SI  marks  the  warning  tone  and  S.’  the  onset  of  the 
imperative  light  flashes.  The  arrows  on  the  abscissa  indicate  mean 
RTs . 


striking  prolongation  in  patients  who  had  been  ill  for  less  than 
six  months,  whereas  almost  all  our  patients  had  been  ill  for  more 
than  a  year.  In  general  our  patients'  illnesses,  although  chronic, 
had  not  required  continuous  hospitalization. 

The  tone- intervals  paradigm  delivered  65  dn  Sri.  50-msec  tone 
pips  at  ISIs  of  0.75,  1.5  and  3.0  sec  in  a  random  sequence.  The 
amplitudes  of  N1  and  P2  varied  with  ISI,  as  we  knew  they  would  (Roth 
et  al. ,  1976b),  but  there  were  no  differences  between  schizophrenics 
and  controls.  Differences  in  temporal  recovery  had  been  shown  pre¬ 
viously  for  earlier  peaks  using  somatosensory  (e.g.,  Shagass,  1072) 
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and  visual  stimuli  (Floris  et  al. ,  1968;  Speck  et  al.,  1966). 

Our  third  and  most  recent  study  of  fifteen  schizophrenics  and 
fifteen  age-matched  controls  used  a  modified  and  expanded  test 
battery  of  six  paradigms,  the  first  three  of  which  were  under  the 
direction  of  Dr.  Pfefferbaum.  About  half  of  the  patients  had  been 
free  of  medication  for  at  least  two  weeks  prior  to  testing.  In  all 
except  the  last  paradigm  the  subjects  were  given  no  task  but  asked 
to  sit  quietly.  Briefly,  the  paradigms  were  as  follows: 

1.  Click  intensities:  Clicks  were  delivered  every  40  msec 
at  60,  70,  80  or  90  dB  above  an  individual's  sensation  level  {SL) 
threshold  in  random  order.  Averages  of  2048  trials  were  computed 
for  a  10  msec  epoch.  Fig.  2  illustrates  sample  waveforms  for  this 
paradigm.  The  amplitude  and  latency  of  wave  V  of  the  brain  stem 
potential  were  measured. 

2.  Click  intervals:  2048  90  dB  SL  clicks  were  delivered  with 
an  ISI  of  20  msec,  followed  immediately  by  a  series  of  identical 
stimuli  delivered  at  an  ISI  increased  to  80  msec.  Wave  V  was  mea¬ 
sured  as  in  the  first  paradigm. 

3.  Tone  intensities:  500  c/sec  tones  480  msec  long  were  de¬ 
livered  with  an  ISI  of  1.5  sec  from  tone  onset  to  tone  onset.  Tone 
intensities  were  50,  60,  70  or  80  dB  SL  presented  in  random  order. 
Averages  were  computed  for  64  trials  of  each  intensity.  Fig.  2 
illustrates  the  N1 ,  P2  and  sustained  potential  (SP)  components  of 

a  typical  normal  subject.  The  amplitudes  and  latencies  of  these 
components  were  measured. 

4.  Tone  intervals:  1000  c/sec  50  msec  tones  were  given  at 
85  dB  sound  pressur  level  (SPL) .  Tones  occurred  at  ISIs  of  0.75, 
2.25  or  6.75  sec  in  random  order.  Averages  were  computed  for  forty 
trials  of  stimuli  preceded  by  each  ISI.  Fig.  2  illustrates  the  N1 
and  P2  peaks  elicited  in  this  paradigm.  The  amplitudes  and  laten¬ 
cies  of  these  components  were  measured.  N1  and  p2  were  much  smaller 
after  ISIs  of  0.75  sec  than  after  ISIs  of  6.75  sec. 

5.  Noise  tone:  Four  types  of  stimuli,  each  1  sec  in  duration 
with  an  ISI  of  4  sec  from  stimulus  onset  to  onset,  were  delivered  in 
random  order.  Stimuli  were  either  1000  c/sec  tones  or  white  noise 
and  were  either  100  dB  SPL  or  70  dB  SPL.  Averages  were  computed  for 
forty  stimuli  of  each  type.  N1 ,  P2,  P3  and  SP  were  elicited.  All 
components  were  measured  in  all  conditions.  P3  was  most  prominent 
in  the  EP  to  the  100  dB  noise  bursts. 

6.  Reaction  time:  85  dB  SPI.  50  msec  tones  were  given  with  a 
1  sec  ISI.  Tones  were  800  or  1200  c/sec.  The  sequential  probabil¬ 
ities  were  0.85  for  the  800  or  1200  c/sec  tone  and  0.15  for  the 
1200  c/s ec  tone.  Hence  the  former  tones  are  referred  to  as  "fro- 
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REACTION  TIME 
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■  50  d6  SL 


MEMORY  RETRIEVAL 


-  «  T5  SAC  ISI 

-  0  75  SK  ISI 


Fig.  2.  Sample  ERPs  from  six  paradigms  described  in  the  text. 


quents"  and  the  latter  as  "infrequents" .  Subjects  were  instructed 
to  press  a  button  as  quickly  as  possible  upon  hearing  an  infrequent 
tone.  Averages  were  computed  for  seventy-five  infrequent  tones  and 
430  frequent  tones.  The  frequent  tones  elicit  Nl  and  P2;  the  infre¬ 
quent,  Nl,  P2,  P3  and  a  slow  wave  (SW)  (illustrated  in  Fig.  2). 
Amplitudes  of  all  these  peaks  and  latencies  of  all  but  the  SW  were 
measured. 

The  click-intensities  and  click-intervals  paradigms  showed  the 
well  known  decrease  in  wave  V  latency  as  click  intensity  increased 
or  as  ISI  became  longer,  but  there  were  no  differences  between 
schizophrenics  and  controls.  The  tone-intensities  paradigm  showed 
complex  effects  depending  on  lead  and  intensity.  In  general,  P2 
was  smaller  and  later  in  controls,  and  SP  was  greater.  Larger  P2s 
in  schizophrenics  were  possibly  due  to  a  lack  of  the  SP  negativity 
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in  their  ERPs.  The  tone-intervals  paradigm  gave  smaller  Nls  for 
schizophrenics  than  for  controls  at  the  6.75  sec  ISI  but  not  at 
shorter  intervals.  Our  hypothesis  had  been  that  endogenous  audi¬ 
tory  stimuli  might  be  experienced  by  schizophrenics  who,  in  general, 
are  liable  to  auditory  hallucinations,  and  this  would  effectively 
reduce  the  ISI.  If  this  is  so,  our  data  implies  that  such  endoge¬ 
nous  interference  in  the  auditory  system  manifests  itself  most 
clearly  when  the  rate  of  exogenous  stimulations  is  decreased. 

The  most  striking  differences  between  the  groups  were  in  the 
noise- tone  and  reaction  time  paradigms.  Nl,  P2  and  P3  amplitudes 
were  considerably  smaller  in  the  schizophrenics,  the  P2  and  P3 
differences  being  largest  in  the  100  dB  noise  condition.  Consider¬ 
able  startle  blink  reflex  contaminated  Nl,  but  P2  and  P3  were  too 
late  to  be  affected.  The  reaction  time  task  was  performed  more 
poorly  by  schizophrenics.  RTs  were  considered  valid  if  they  occur¬ 
red  between  100  and  600  msec  after  the  targets.  Schizophrenics  made 
fewer  responses  within  these  limits  (51  +  22)  than  controls  (68  + 

10).  Schizophrenics  were  slower  when  they  did  respond  (329  +  51 
vs.  283  +_  43  msec)  and  their  RTs  had  larger  standard  deviations  with¬ 
in  an  individual  subject  (70  +  22  vs.  51  +_  13  msec).  The  amplitudes 
of  P3  to  the  infrequents  was  considerably  smaller  in  schizophrenics, 
while  Nl,  P2  and  SW  to  the  infrequents  showed  no  such  effects.  The 
latency  of  p3  was  the  same  for  both  groups  (mean  320  msec  at  Cz) . 

The  main  difference  between  the  groups  in  the  evoked  potentials  to 
frequent  stimuli  lay  in  P2  latency  which  had  a  mean  of  18  msec  for 
schizophrenics  and  217  msec  for  controls. 

Stepwise  discriminant  analysis  of  the  eight  best  variables  as 
determined  by  analysis  of  variance  selected  p2  latency  to  the  fre¬ 
quents  as  the  best  variable  to  discriminate  schizophrenics  from 
controls.  It  classified  13/14  controls  correctly  but  only  7/12 
schizophrenics.  The  next  variable  entered  was  p3  amplitude  to  the 
infrequents,  but  this  did  not  improve  the  classification.  When  the 
P2  latency  variable  was  excluded  the  first  two  variables  picked 
were  P3  amplitude  to  infrequents  and  Nl  amplitude  after  the  6.75 
sec  ISI.  These  two  variables  correctly  classified  11/14  controls 
and  9/12  schizophrenics.  P3  and  Nl  amplitude  to  the  100  dB  noise 
also  had  high  Fs-to-enter,  but  these  variables  correlated  with  the 
variables  chosen  and,  hence,  were  not  themselves  chosen. 

The  combination  of  small  P3s  and  more  variable  RTs  suggests 
that  perhaps  latency  variability  of  p3  in  individual  trials  led  to 
reduced  amplitudes  in  a  stimulus-synchronized  average.  Kutas  et 
al.  (1977)  found  P3  latency  to  vary  with  RT  by  analyzing  their  data 
with  the  adaptive  filter  invented  by  Woody  (1967) .  We  applied 
this  filter  to  the  P3  to  infrequents  and  found  that  P3  amplitude 
increased  more  in  schizophrenics  than  in  controls  after  application 
of  the  filter  but  that  schizophrenics  still  had  significantly  small¬ 
er  P3s.  Furthermore  response-synchronized  averages  showed  just  as 
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great  a  P3  difference  between  groups  as  did  the  original  stimulus- 
synchronized  average.  These  results  imply  that  latency  variability 
does  not  completely  explain  the  P3  amplitude  differences  and,  in 
fact,  the  greater  gain  in  schizophrenics'  P3  amplitudes  with  the 
adaptive  filter  may  be  due  to  more  noise  in  the  schizophrenics'  EEG. 

Diminished  P3s  in  schizophrenics  has  been  reported  from  other 
laboratories  (Levit  et  al.,  1973;  Shagass  et  al.,  1977,  1978;  Ver- 
leger  and  Cohen,  1978) .  The  Bleulerian  characteristic  of  schizo¬ 
phrenic  autism  would  be  expected  to  result  in  small  or  absent  P3s 
since  P3  amplitude  depends  on  information  being  taken  in  from  the 
external  environment  (Ruchkin  and  Sutton,  1978).  Either  schizo¬ 
phrenics  fail  to  perceive  that  information  is  being  delivered  such 
as  might  occur  if  their  subjective  probability  estimates  were  faulty, 
or  they  fail  to  react  to  such  information  in  the  same  way  as  they 
tend  to  lack  orienting  responses. 


NORMAL  AGING 

One  of  the  greatest  problems  in  doing  research  in  aging  is 
that  with  age  comes  disease.  Diagnosed  or  undiagnosed  disease  can 
cause  performance  deficits  that  should  be  attributed  to  more  speci¬ 
fic  pathological  processes  than  the  more  general  variable  of  age. 

In  the  study  conducted  under  the  direction  of  Dr.  J.M.  Ford,  we 
recruited  women  older  than  70  years  who  were  subjectively  and  by 
history  and  physical  examination  in  good  health.  None  had  active 
symptoms  of  cardiovascular,  neurological,  respiratory,  renal,  gastro¬ 
intestinal  or  endocrine  disease.  Audiometry  excluded  subjects  with 
sensation  levels  above  30  dB  SPL  at  500  c/sec.  Thirteen  elderly 
women  between  74  and  87  years  (mean  (80.2)  were  compared  with  thir¬ 
teen  similarly  healthy  women  between  20  and  29  years  (mean  22.9). 

The  mean  raw  IQ  scores  on  the  Wechsler  Adult  Intelligence  Scale 
(WAIS)  was  109  for  the  old  and  145  for  the  young.  If  age  adjusted, 
these  scores  would  be  124  for  the  old  and  121  for  the  young  women. 
Mean  years  of  education  were  16.6  for  the  old  and  15.8  for  the  young. 

These  subjects  were  tested  on  a  battery  that  included  the  fol¬ 
lowing  paradigms: 

(1)  Tone  intensities:  As  described  above. 

(2)  Selective  attention:  This  paradigm  was  based  on  the  work 
of  Hillyard  and  his  students  (Hillyard  et  al. ,  1973;  Schwent  et  al., 
1976a;  Schwent  et  al. ,  1976b) .  Thirty  dB  SL  50  msec  tone  pips  were 
presented  at  ISIs  varying  from  200-800  msec.  Tones  presented  to  the 
right  ear  were  800  or  840  c/sec  presented  randomly  in  a  ratio  of 
10:1,  and  to  the  left  ear  1500  or  1560  c/sec  presented  randomly  in 
the  same  ratio.  Subjects  listened  to  the  sequence  of  tones  twice, 
once  counting  infrequent  stimuli  in  the  right  ear  and  once  counting 
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infrequent  stimuli  in  the  left  ear.  Fig.  2  shows  sample  waveforms 
for  this  paradigm  for  frequent  stimuli  in  attended  and  nonattended 
ears.  Amplitude  and  latency  of  N1  were  analyzed  in  averages  of 
400  frequent  trials  for  a  given  ear.  P3  was  measured  for  averages 
of  40  trials  of  the  infrequent  stimulus. 

(3)  Memory  retrieval:  This  paradigm  uses  the  task  developed 
by  Sternberg  (1966)  to  measure  the  speed  of  retrieval  of  items  from 
short-term  memory.  The  ERPs  that  accompany  normal  performance  of 
this  task  had  been  investigated  in  our  laboratory  previously  (Roth 
et  al.,  1975;  Roth  et  al. ,  1977;  Roth  et  al.,  1978b).  Target  and 
probe  stimuli  were  the  digits  0-9  presented  for  1  sec  on  an  oscil¬ 
loscope.  In  each  trial  1  to  4  target  digits  were  presented  consec¬ 
utively  with  a  1  sec  interval  between  them.  The  digits  define  a 
memory  set  with  1,  2,  3  or  4  members.  One  second  after  the  memory 
set  was  ended  a  0.5  sec  warning  tone  (60  dB  SL,  1000  c/sec)  came  on. 
One  second  after  the  warning  tone  went  off  the  probe  digit  appeared. 
Subjects  then  pushed  one  of  two  telegraph  keys  to  indicate  if  the 
probe  was  in  or  out  of  the  memory  set.  Eight  averages  could  be 
formed  as  defined  by  memory  set  size  and  whether  the  probe  was  in 
or  out  of  the  set.  Each  average  was  comprised  of  about  twenty-two 
trials,  only  correct  trials  being  included.  Fig.  2  shows  ample  ERPs 
for  in-set  trials  with  set  sizes  of  1  and  4.  Nl,  P2  and  P3  to  the 
warning  tone  were  measured  as  were  the  CNV  prior  to,  and  the  P3 
following  the  probe.  The  last  peak  was  located  by  computer  as  the 
maximum  positive  peak  between  200  and  800  msec. 

Old  and  young  women  differed  on  all  three  paradigms.  The  most 
striking  finding  from  the  tone-intensities  paradigm  was  that  the 
SP  was  much  smaller  in  old  than  young  (p  <  .001)  in  an  analysis  of 
variance  with  Fz,  Cz  and  Pz).  Nl  amplitude  was  the  same  in  both 
groups.  Pi  amplitude  was  larger  in  the  elderly  and  P2  amplitude 
increased  with  intensity  for  the  young  but  decreased  or  did  not 
change  with  intensity  for  the  old.  This  combination  of  findings 
cannot  be  explained  by  a  nonspecific  decrease  in  ERP  amplitude  with 
age.  Pfefferbaum  et  al.  (1978a)  speculated  that  the  SP  decline  in 
these  old  subjects  corresponds  to  the  loss  of  dendritic  mass  in  the 
prefrontal  cortex  of  aged  brains  that  can  be  observed  histopatho- 
logically. 

The  selective  attention  paradigm  showed  an  Nl  effect  that  was 
not  statistically  different  in  young  and  old  subjects.  This  was 
true  even  though  the  counting  of  targets  was  less  accurate  in  the 
old.  P3  to  the  targets  was  significantly  later  in  old  (482  msec) 
than  in  young  (402  msec)  subjects  tF(l,22)  =  11.70;  p  <  .01).  Ford 
et  al.  (1978a)  took  this  as  an  indication  that  the  cognitive  deficit 
of  old  subjects  in  this  task  was  not  an  attentional  deficit  but  a 
slowness  in  reacting  to  relevant  information. 

The  memory  retrieval  paradigm  yielded  a  wealth  of  ERP  and 
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behavioral  data.  RT  was  a  linear  function  of  memory  set  size  for 
both  in-set  and  out-of-set  probes.  According  to  Sternberg's  model, 
the  intercept  of  this  function  represents  the  sum  of  time  to  encode 
the  probe  and  the  time  to  make  the  motor  response.  The  slope  of 
this  function  represents  the  time  to  scan  memory  for  a  single  digit. 
In  our  subjects  the  RT  slope  was  greater  in  old  (55  msec/digit)  than 
in  young  (35  msec/digit)  as  had  been  reported  previously  (Anders 
and  Fozard,  1973) .  RT  intercepts  were  also  greater  in  old  (1028 
msec)  than  young  (720  msec).  The  latency  of  P3  to  the  probe  did 
not  follow  the  same  pattern,  however.  The  table  in  Ford's  abstract 
in  this  volume  lists  these  data.  p3  latencies  did  increase  with  set 
size,  but  the  slope  of  this  increase  was  the  same  for  young  (27  msec/ 
digit)  and  old  (29  msec/digit).  The  intercepts  were  larger  for  old 
(448  msec)  than  young  (369  msec)  but  were  in  both  cases  much  shorter 
than  RT  intercepts.  Dr.  Ford  postulated  (Ford  et  al. ,  1978b)  that 
P3  latency  intercept  represents  encoding  time  and  that  the  inter¬ 
cept  of  the  difference  between  RT  and  P3  latency  is  a  measure  of 
motor  time  alone.  If  motor  time  were  constant  for  each  set  size  the 
slope  of  the  RT-P3  latency  vs.  set  size  would  be  zero.  In  fact, 
the  slope  of  this  function  is  46  msec/digits  for  old  and  14  msec/ 
digits  for  young.  This  greater  gap  between  P3  and  RT  for  greater 
set  sizes  in  the  elderly  may  represent  a  slowness  in  responding 
after  a  more  difficult  decision.  Subjects  are  less  confident  of 
their  decision  when  the  memory  set  is  larger.  There  were  more 
errors  when  memory  sets  were  larger  which  complicates  interpreta¬ 
tions  of  the  dissociation  between  P3  latency  and  RT  as  being  a 
manifestation  of  different  speed  vs.  accuracy  trade-offs  (Kutas  et 
al.  ,  1977).  For  smaller  set  sizes  there  was  both  more  accuracy  and 
less  dissociation,  but  task  difficulty  was  less  as  well. 

In  summary,  our  general  conclusions  from  this  study  were  that 
old  subjects  moved  much  more  slowly  than  young,  encoded  somewhat 
more  slowly,  scanned  memory  at  the  same  speed  but  were  considerably 
less  confident  about  more  difficult  decisions. 


PSYCHOACTIVE  DRUGS 

A  number  of  psychoactive  substances  have  been  investigated  in 
our  laboratory  using  versions  of  the  paradigms  described  above. 

Roth  et  al.  (1977)  tested  the  effects  of  marijuana  and  ethanol  with 
this  memory-retrieval  paradigm,  Hink  et  al.  (1978)  tested  the  ef¬ 
fects  of  methylphenidate  on  a  selective  attention  task  and  pfeffer- 
baum  et  al.  (1978b)  tested  the  effects  of  ethanol  and  meperidine 
with  the  tone-intensities  paradigm.  A  version  of  the  RT  paradigm 
has  been  used  both  to  test  for  acute  effects  of  ethanol  (Roth  et  al. , 
in  prep. )  and  to  try  to  distinguish  abstinent  chronic  alcoholics 
from  controls  (Pfefferbaum  et  al. ,  1978c).  This  version  of  the  RT 
paradigm  delivers  three  pitches  of  tone  in  random  order.  One  pitch 
occurs  frequently  and  two  pitches  infrequently.  One  of  the  infre- 
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quent  pitches  is  the  target  for  a  button  press  and  the  other  is  not. 
The  properties  of  this  paradigm  have  been  explored  in  normals  (Roth 
et  al . ,  1978c) . 

In  the  Pfefferbaum  study  ten  chronic  alcoholics  and  ten  age- 
and  sex-matched  controls  were  tested.  Alcoholics  had  a  ten  year  or 
more  history  of  drinking  and  met  the  Research  Diagnostic  Criteria 
for  alcoholism.  Subjects  with  neurological  disease  were  excluded. 
All  subjects  had  been  abstinent  from  alcohol  for  at  least  two  weeks 
and  off  psychotropic  medications  for  at  least  one  week  at  the  time 
of  testing.  RTs  were  not  significantly  different  between  alcoholics 
(289  msec)  and  controls  (272  msec).  Neither  were  there  significant 
p3  amplitude  differences  between  groups  for  either  target  or  non¬ 
target  infrequents.  P3  latencies  for  targets  were  also  comparable 
for  the  two  groups ,  but  the  latencies  of  P3  to  nontargets  were  less 
than  400  msec  in  all  controls  and  greater  than  400  msec  in  all  of 
the  alcoholics.  This  P3  latency  measure  was  more  sensitive  than  the 
Halstead-Reitan  battery  in  distinguishing  the  groups :  only  three 
of  the  alcoholics  had  "definite"  cognitive  abnormality  while  one 
other  was  classified  as  "borderline".  We  have  no  ready  explanation 
for  these  unexpected  findings.  In  dementia,  P3  latency  is  greater 
(Goodin  et  al.,  1978),  but  why  is  latency  greater  only  for  nontar¬ 
get  P3s?  We  plan  to  continue  these  investigations  and  hope  to  as¬ 
certain  among  other  things  if  this  difference  is  irreversible  or  if 
it  disappears  after  a  longer  period  of  abstinence. 


RESEARCH  GOALS 

The  main  clinical  use  of  electricity  in  psychiatry  today  is 
electroconvulsive  therapy.  Electrodiagnosis  has  not  yet  reached 
the  point  of  usefulness.  Yet  our  results  indicate  that  ERP  measures 
may  be  sensitive  enough  to  distinguish  schizophrenics  from  controls 
to  a  clinically  useful  extent.  Now  the  specificity  of  these  mea¬ 
sures  must  be  established.  Would  patients  with  affective  disorders 
show  similar  changes?  Since  affective  disorders  are  treated  with 
medications  different  from  those  used  in  schizophrenia,  distinguish¬ 
ing  between  the  two  is  of  practical  importance.  For  ERPs  to  be  use¬ 
ful  they  must  be  more  accurate  or  more  inexpensive  than  other  methods 
for  deciding  which  treatment  a  patient  should  receive,  or  evaluating 
the  effectiveness  of  that  treatment.  Theoretical  insights  about  cog¬ 
nitive  peculiarities  of  schizophrenics  that  might  be  gained  through 
ERP  research  are  of  much  less  interest  to  the  clinician. 

Studies  of  aging  have  different  goals  since  there  is  little 
hope  of  reversing  the  nonspecific  aging  process  with  a  particular 
treatment.  Deviations  from  normal  aging,  however,  may  indicate  the 
presence  of  specific  and  treatable  disease,  and  so  understanding 
of  normal  aging  can  provide  a  baseline  for  abnormality.  Although 
another  averaging  technique,  computerized  axial  tomography,  can 
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tell  us  about  structural  alterations  in  the  brain,  more  subtle 
functional  alterations  are  more  likely  to  show  up  with  ERP  testing. 
We  plan  to  test  this  idea  by  using  both  methods  in  a  new  group  of 
elderly  people. 

The  acute  effects  of  psychoactive  drugs  can  be  tested  in  a 
research  design  in  which  the  subject  is  his  own  control.  This  is 
especially  advantageous  when  measuring  components  that  are  very 
variable  between  individuals.  ERPs  can  be  the  best  indication  that 
a  drug  is  affecting  the  brain  since  biochemical  evidences  of  drug 
effects  require  more  invasive  techniques.  The  difficulty  with  human 
ERP  studies  is  that  the  establishment  of  dose-response  and  time- 
action  curves  requires  many  data  points,  each  comprised  of  many 
trials.  Unless  such  curves  are  established  it  is  impossible  to  know 
whether  differences  between  drugs  are  qualitative  or  quantitative 
differences.  Chronic  effects  of  psychoactive  substances  have  not 
been  the  subject  of  ERP  research  previously  because  of  the  belief 
that  ERPs  had  no  particular  advantage  over  other  forms  of  cognitive 
testing.  Now  it  is  apparent  that  ERPs  supplement  RT  and  other 
measures  of  psychological  function  in  an  important  way. 


SUMMARY 

Our  laboratory  has  applied  event  related  potential  (ERP)  tech¬ 
niques  in  three  main  clinical  areas:  psychopathology,  normal  aging 
and  drugs  of  abuse.  For  the  sake  of  efficiency,  multiple  paradigms 
have  been  administered  to  a  single  group  of  subjects.  We  recently 
compared  schizophrenics  and  controls  using  paradigms  that  elicit 
auditory  short  (brain  stem) ,  middle  and  long  latency  potentials. 
Certain  middle  and  long  latency  potentials  differed  markedly  in 
latency  or  amplitude  between  the  groups.  In  another  study  we  com¬ 
pared  healthy  elderly  women  with  healthy  young  women  using  a  test 
battery  that  included  a  dichotic  listening  task  and  a  Sternberg 
memory  retrieval  task.  The  pattern  of  ERPs  elicited  during  these 
challenging  tasks  helped  delineate  specific  cognitive  deficits  asso¬ 
ciated  with  aging.  Several  of  our  paradigms  have  also  been  sensi¬ 
tive  to  acute  and  chronic  effects  of  psychoactive  substances.  In 
certain  cases,  our  ERP  findings  apparently  provide  information  about 
the  human  brain  that  cannot  be  obtained  by  other  methods.  Such 
unique  information  is  the  final  justification  for  using  ERP  tech¬ 
niques  in  clinical  areas. 
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SPATIAL  DISTRIBUTION  OF  SENSORY  EVOKED  POTENTIALS  IN  PSYCHIATRIC 
DISORDERS 


C.  Shagass,  R.A.  Roemer,  J.J.  Straumanis  and  M.  Amadeo 
Eastern  Pennsylvania  Psychiatric  Institute 
Temple  University,  Philadelphia,  Pennsylvania 

The  topographic  dimension  has  received  little  attention  in 
evoked  potential  (EP)  investigations  of  psychiatric  patients.  Al¬ 
though  EPs  have  been  recorded  most  often  from  a  single  lead  deriva¬ 
tion,  some  studies  involving  recordings  from  more  than  one  site  have 
yielded  findings  which  suggest  that  the  spatial  distribution  of  EPs 
may  be  of  psychiatric  interest.  For  example,  Rodin  et  al.  (1968) 
in  a  study  of  visual  evoked  potentials  (VEPs)  observed  that  assess¬ 
ments  of  psychopathology  in  schizophrenics  were  more  often  corre¬ 
lated  with  right  than  with  left  hemisphere  VEP  characteristics. 

Perris  (1974)  found  that  amplitudes  of  VEPs  from  the  left  occiput 
were  lower  than  those  from  the  right  in  psychotic  depressives  while 
they  were  ill.  Buchsbaum  et  al.  (1977)  reported  that,  in  a  rapidly 
cycling  manic-depressive  patient,  a  VEP  wave  was  decreased  in  ampli¬ 
tude  at  the  vertex  and  increased  at  the  occiput  with  mania  and 
conversely  with  depression.  Such  observations  encourage  further 
exploration  of  EP  topography  with  respect  to  possible  psychiatric 
correlates . 

In  recent  years  we  have  been  using  a  comprehensive  EP  recording 
procedure  which  was  designed  to  accomplish  several  purposes;  a 
principal  goal  was  to  obtain  information  about  topography  in  rela¬ 
tion  to  psychiatric  criteria.  In  this  procedure  recordings  were 
made  from  fifteen  locations,  and  four  kinds  of  stimuli  in  three 
sensory  modalities  are  presented  in  one  experimental  session.  We 
have  already  reported  a  number  of  positive  findings  (Shagass  et  al., 
1977,  1978;  Roemer  et  al.,  1978).  These  can  be  summarized  as  follows: 
1)  In  overtly  psychotic  patients  of  both  schizophrenic  and  affective 
type,  events  occurring  more  than  100  msec  poststimulus  were  of  lower 
than  normal  amplitude  in  EPs  of  all  modalities  and  in  most  lead 
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locations.  2)  EPs  of  nonpsychotic  patients  and  schizophrenics  of  the 
latent  subtype  were  not  grossly  different  from  normal.  3)  Chronic 
schizophrenics  (paranoid  and  undifferentiated)  differed  from  those 
of  other  subtypes  with  respect  to  a  negative  somatosensory  EP  (SEP) 
peak  occurring  at  60  msec  poststimulus  (N60) ;  N60  was  more  negative 
posteriorly  in  the  chronic  patients.  Schizophrenics  of  all  sub- 

types  showed  less  waveshape  stability  tnan  normal  in  VEPs  recorded 
from  the  left  hemisphere. 

We  employed  a  completely  objective,  automatic  computer  tech¬ 
nique  to  evaluate  EP  differences  between  groups  (Shagass  et  al., 

1977,  1978).  Mean  EPs  were  obtained  for  each  group  and  t-tests 
were  computed  for  consecutive  corresponding  data  points;  the  t- 
values  were  displayed  as  displacements  from  a  horizontal  line  when 
they  were  significant  (Fig.  1) .  The  drawback  of  this  method  is 
that  it  cannot  distinguish  between  effects  resulting  from  differ¬ 
ences  in  amplitude  and  those  due  to  latency  differences.  This  draw¬ 
back  can  be  particularly  important  if  one  wishes  to  evaluate  group 
differences  in  the  topography  of  EP  events  since  apparent  reductions 
in  amplitude  of  a  peak  can  result  when  the  latency  varies  between 
subjects.  Consequently,  although  the  automatic  method  has  provided 
some  interesting  topographic  results,  as  in  the  case  of  the  N60  wave, 
we  found  it  necessary  to  use  a  technique  based  on  visual  detection 
of  peaks  in  order  to  obtain  more  interpretable  information  about 
spatial  distribution.  The  possible  problems  resulting  from  the  sub¬ 
jective  aspects  of  detecting  peaks  visually  were  mitigated  by  the 
fact  that  the  results  provided  by  the  objective  automatic  method 
were  also  available;  when  the  findings  yielded  by  the  two  methods 
converged,  they  could  be  accepted  with  confidence. 

We  present  here  the  results  obtained  by  comparing  several  groups 
of  psychiatric  patients  and  nonpatient  control  subjects  with  respect 
to  the  spatial  distributions  of  somatosensory,  visual  and  auditory 
EPs.  The  patients  included  schizophrenics  of  several  subtypes, 
psychotic  depressives  and  nonpsychotics  with  neuroses  and  personality 
disorders . 


METHODS 

As  the  basic  recording  procedures  and  the  subject  groups  have 
been  described  in  full  elsewhere  (Shagass  et  al.,  1977,  1978;  Roemer 
et  al.,  1978),  only  an  outline  will  be  given  here. 


Subjects 

Data  are  presented  for  eighty-eight  psychiatric  inpatients  and 
thirty-three  paid  volunteer  nonpatients.  These  subjects  were  all  of 
those  from  a  larger  pool  who  could  be  matched  for  age  and  sex  to 
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LEFT  MEDIAN  NERVE  STIMULUS 
NONPATIENTS  (N-16)  SCHIZOPHRENICS  (N- 32)  "  t"  VAI  UFS  no 


msec  msec  msec 

Fig.  1.  Left  and  center  columns:  mean  SEPs  to  loft  median  nerve 
stimuli  of  sixteen  nonpatients  and  thirty-two  schizophrenic  patients 
All  leads  referenced  to  linked  ears;  scalp  positivity  gives  upward 
deflection.  Right  column  indicates  results  of  2-tailed  t -tests  per¬ 
formed  on  data  points  corresponding  in  time  to  those  in  EP  tracings; 
t -values  under  2.012  (p=.05)  were  kept  at  baseline  in  t-curve  while 
values  of  2.012  or  greater  were  plotted  according  to  magnitude  start 
ing  at  an  arbitrary  level  above  baseline  (from  Shagass  et  al.,  1977) 


provide  the  following  comparisons:  a)  chronic  schizophrenics  (N=26) 
vs  nonpsychotics  (N=26)  vs  controls  (N-25) ;  there  were  nineteen  men 
in  the  control  group  and  twenty  in  each  patient  group;  ages  were 
about  the  same;  b)  latent  schizophrenics  vs  "other"  schizophrenics 
vs  controls  (N^-12  each);  c)  psychotic  depressives  vs  controls  (N- 1 2 
each).  Some  controls  were  used  in  more  than  one  comparison.  Pa¬ 
tients  in  the  chronic  schizophrenic  group  were  subtyped  as  follows: 
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chronic  undifferentiated,  14;  chronic  paranoid,  11;  simple,  1.  Sub- 
types  included  under  "other"  were:  catatonic,  4;  schi zo-af feet ive , 

5;  acute,  1.  Latent  schizophrenics  conformed  to  criteria  for  pseudo¬ 
neurotic  schizophrenia  (Hoch  and  Polatin,  1949).  Nonpsychot ics 
included  eleven  neuroses  and  fifteen  personality  disorders.  At  time 
of  testing,  patients  had  been  unmedicated  for  a  median  period  of  ten 
days.  Diagnoses  were  made  independently  by  at  least  two  senior 
psychiatrists;  excluding  latent  schizophrenia,  86*  of  the  diagnoses 
met  the  relevant  research  diagnostic  criteria  of  Fcighner  et  al  . 
(1972)  to  a  definite  or  probable  level. 


Procedures 

Recording  leads  are  indicated  in  the  head  diagram  of  lig.  1; 
the  10-20  system  was  followed  with  these  exceptions:  1'  3  X ,  F4X,  03X 
and  C4X  were  2  cm  posterior  and  1  cm  lateral  to  the  standard  posi¬ 
tion;  03  and  04,  respectively,  were  midway  between  01  and  T5  and 
02  and  T6 .  Lead  K  was  used  to  monitor  EOG.  All  recordings  wor< 
monopolar  to  the  ears  linked  through  a  22  Rohm  resistor.  Two  m  vi- 
tages  were  used;  each  included  three  pairs  of  homologous  lateral 
leads,  o.g.,  T3,  T4 ,  either  Oz  or  Cz ,  and  the  EOG  lead.  Stimuli 
were:  electrical  pulses  (0.1  msec  duration,  10  ma  above  sensory 
threshold)  applied  percutaneously  over  left  and  right  median  nerves; 
a  checkerboard  pattern  flashed  briefly  on  a  television  (TV)  screen; 
binaural  auditory  clicks  50  db  above  white  noise  level  in  earphones . 
Order  and  timing  of  stimuli  was  pseudo-randomized;  mean  interstimu¬ 
lus  interval  was  1.75  sec.  There  were  192  stimuli  of  each  kind  for 
each  montage;  averages  (512  data  points,  1  msec  each)  were  summed 
on-line  in  a  PDP-12  computer.  Subjects  sat  fixating  a  spot  on  the 
TV  screen. 


Treatment  of  Data 

Consecutive  peaks  were  detected  by  visual  inspection  of  select¬ 
ed  leads  for  each  type  of  EP,  as  displayed  on  the  PDP-12  cathode 
ray  tube.  The  leads  were  C4X  and  C3X  for  SEPs  to  left  and  right 
median  nerve,  respectively,  Oz  for  VEPs,  and  Cz  for  auditory  KPs 
(AKPs) .  A  program  was  used  to  record  time  in  the  record  at  which 
a  cursor  spot  was  placed  on  a  peak.  Utilizing  the  convention  of 
designating  peaks  by  polarity  and  usual  latency,  the  following  peaks 
were  detected:  a)  SEPs  -  P15,  N18,  P30,  P45,  N60 ,  P90,  N130,  P185, 
P290 ;  b)  VEPs  -  N75,  P90 ,  N120,  P200,  P300;  c)  AEPs  -  P30 ,  P50, 

N75,  P90 ,  N110,  P180,  P360.  These  peaks  correspond  well  to  those 
detected  in  group  mean  KPs  of  nonpatients  (Shagass  et  al.,  1977, 
1978);  Fig.  2  shows  labelled  examples  of  records  in  key  leads.  The 
latencies  of  these  peaks  in  recordings  derived  from  key  leads  were 
then  used  to  make  automatic  measurements  of  amplitude  at  the  same 
times  in  the  records  from  all  leads  for  KPs  of  a  given  type  for  each 
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Fig.  2.  KPs  from  key  loads  for  visual  detection  of  designated 
peaks;  C4X  (C4)  for  loft  median  nerve  SEP;  C3X  (C3)  for  right  median 
nerve  SEP;  Oz  for  VEP;  Cz  for  AE'P.  EPs  are  group  means  of  twenty- 
five  nonpatient  subjects. 
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Table  1 

SEPs  -  Left  Median  Nerve  Stimulus 
Results  of  Multivariate  Profile  Analyses  Comparing 
26  Chronic  Schizophrenics  (CS) ,  26  Nonpsychotics  (NP) 
and  25  Controls  (C) 

Mean  Amplitude  (yiV) 

14  Leads  6  Contralateral 

Leads 


Peak 

CS 

NP 

C 

CS 

NP 

C 

P15 

0.64 

0.92 

0.51 

0.74 

1.02 

0.55 

N18 

-0.35 

-0.36 

-0.40 

-0.78 

-0.82 

-0.75 

P30 

-0.03 

0.52 

0.14a,d 

1.03 

2.23 

1.44b, 

P45 

1.47 

1.34 

1.24d 

3.08 

2.52 

2.47 

N60 

-0.11 

0.58 

0.42 

-1.37 

-0.16 

-0.10a 

P90 

2.59 

3.68 

3 . 02d 

2.35 

4.23 

3.31a 

N130 

0.29 

-2.06 

-2 . 42b, d 

0.04 

-2.22 

-3.21c 

P185 

4.22 

5.24 

5.13 

3.97 

4.45 

4.57 

P290 

2.26 

3.76 

3.85 

2.61 

4.05 

3.86 

a,  b, 

c  -  p  for 

means , 

respectively , 

<  .05, 

<  .01,  < 

.001 

d,  e  -  p  for  diagnosis  x  lead  interactions,  respectively, 

~  <  .05,  <  .01 

subject.  A  second  version  of  the  program  allowed  for  latency  varia¬ 
tion  by  using  the  detected  latency  as  the  center  of  a  time  window 
extending  5%  on  either  side;  maxima  or  minima  within  this  window 
were  then  detected  for  measurement.  As  results  for  the  two  proce¬ 
dures,  i.e.,  absolute  latency  and  +  5%  variation,  were  very  similar, 
only  the  absolute  latency  data  will  be  presented  here. 

Amplitude  measurements  for  a  given  peak  across  leads  were  sub¬ 
jected  to  multivariate  profile  analysis  (Morrison,  1967) .  In  this 
analysis  differences  between  diagnostic  groups  in  the  spatial  dis¬ 
tribution  of  an  EP  peak  would  be  reflected  by  a  significant  (p  =  .05) 
profile  F-ratio,  indicating  a  diagnosis  by  lead  interaction.  In 
addition,  the  analysis  yielded  F-ratios  reflecting  group  differences 
in  mean  amplitude  across  leads. 


RESULTS 


Chronic  Schizophrenics  vs  Nonpsychotics  vs  Controls 

SEP.  Multivariate  profile  analyses  of  the  SEP  data  were  per¬ 
formed  in  two  ways:  a)  utilizing  all  fourteen  scalp  leads;  b) 
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utilizing  only  the  six  leads  on  the  hemisphere  contralateral  to  the 
stimulated  nerve,  as  the  earlier  SEP  peaks  are  lateralized  (Fig.  1) . 
Table  1  summarizes  the  results  for  SEPs  to  left  nerve  stimuli.  Mean 
amplitudes  of  P30  and  N130  differed  between  groups  across  the  four¬ 
teen  leads;  P30  amplitude  was  greater  in  the  nonpsychotics  than  in 
the  other  groups,  while  N130  amplitude  was  lower  in  the  chronic 
schizophrenics.  The  data  for  the  six  contralateral  leads  yielded 
mean  amplitude  differences  for  P30,  N60,  P90  and  N130;  P30  and  P90 
were  highest  in  nonpsychotics;  N60  was  most  and  N130  least  negative 
in  chronic  schizophrenics.  Topographic  differences  between  groups 
were  indicated  by  significant  diagnosis  by  lead  interactions  for 
P30,  P45,  P90  and  N130  (fourteen  leads);  the  six  contralateral  leads 
gave  an  interaction  for  P30. 

Fig.  3  (right)  shows  the  distribution  of  P30  and  N60  amplitudes 
for  five  of  the  six  contralateral  leads  (T4  was  omitted  because  it 
is  not  aligned  with  the  other  leads) .  It  will  be  seen  that  the 
highest  amplitude  of  P30  was  at  lead  04  in  the  chronic  schizophren¬ 
ics,  at  T6  in  the  controls  and  at  C4X  in  the  nonpsychotics.  The  N60 
distributions  show  about  equal  amplitudes  for  all  three  groups  in 
the  frontal  lead;  in  the  posterior  leads  negativity  was  greater  in 
the  chronic  schizophrenics,  being  greatest  at  lead  C4X.  Fig.  4  dis¬ 
plays  distributions  for  P90  and  N130;  the  T3 ,  Cz,  T4  leads  are  plot¬ 
ted  separately  because  of  their  alignment  in  the  coronal  plane.  P90 

Table  2 

SEPs  -  Right  Median  Nerve  Stimulus 
Results  of  Multivariate  Profile  Analyses  Comparing 
26  Chronic  Schizophrenics  (CS) ,  26  Nonpsychotics  (NP) 
and  25  Controls 

Mean  Amplitude  ( yiV) 


14  Leads  6  Contralateral 

_  Leads 


Peak 

CS 

NP 

c 

CS 

NP 

C 

P15 

0.76 

0.69 

0.64 

0.94 

0.88 

0.84 

N18 

-0.55 

-0.67 

-0.36a 

-0.83 

-1.06 

0.62a 

P30 

0.14 

0.44 

0.49 

1.14 

1.98 

1 . 58d 

P45 

1.57 

1.61 

1.68 

3.05 

2.78 

2  .82 

N60 

0.29 

1.46 

1.57b 

-1.01 

0.47 

1.0lc,d 

P90 

3.69 

4.94 

4 . 30d 

3.21 

5.28 

4 . 51a  ,d 

N130 

-0.10 

-2.17 

-2.36a 

-0.42 

-2.37 

-2.66a 

P185 

3.42 

5.82 

5.52b 

3.29 

5.32 

4.88a,e 

P290 

2.48 

4.05 

4.61a,d 

2.50 

4.35 

4.40a 

a,  b, 

c  -  p  for 

means , 

respectively, 

<  .05,  < 

.01,  < 

.001 

d,  e 

-  p  for 

diagnosis  x  lead  interactions, 

respectively. 

<  .05,  <  .01 


354 


C  SHAGASS  ET  Al 


SEP 

RIGHT  MEDIAN  N  LEFT  MEDIAN  N 


•  •  <  01 


Fig.  3.  Spatial  distributions  for  chronic  schizophrenics,  nonpsy- 
chotics  and  controls  of  p30  and  NGO  in  SEPs  from  hemispheres  contra¬ 
lateral  to  stimulated  nerves.  Leads  as  in  Fig.  1.  Values  for  T3 
and  T4  not  plotted.  In  this  and  subsequent  figures  asterisks  indicate 
significant  univariate  F  ratios;  these  are  shown  only  when  multi¬ 
variate  profile  analysis  was  significant. 
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amplitude  was  greatest  in  the  nonpsychotics  in  anterior  leads  Par- 

ehrUnit  V’i^  ;l9ht  (COntralater^l)  hemisphere.  Chronic  schizo¬ 
phrenics  had  the  lowest  PRO  amplitude.  The  distributions  for  N1 10 
leatly  demonstrate  the  maximum  negativity  of  this  peak  at  load- 
around  the  vertex  (Cz.  C3X,  FIX,  C4X,  F4X)  for  controls  and  not 
psyihotics;  in  the  schizophrenics  there  was  very  little  negativity. 

Th-  results  for  SEPs  to  right  nerve  stimuli 

N,  \  \\  X''  Di5!°r0d  Wlt  l  resi’oct  to  mo‘in  amplitude  for  peaks  NIB , 
N-0,  N1.I0,  F 1B5  and  P290  in  both  sets  of  analyses;  the  data  for 

U  SlX  <-ont,alateral  leads  showed  an  additional  amplitude  differ- 
ence  for  PRO.  These  amplitude  findings  indicate  three  trends:  a) 
NIB  was  greater  (more  negative)  in  the  nonpsychotics;  b)  N60  was 
moie  negative  in  the  chronic  schizophrenics;  c)  peaks  from  PRO  on 
were  of  lower  amplitude  in  the  schizophrenics. 

The  profile  analyses  for  right  nerve  SEP  data  indicated  group 
differences  in  topography  for  PRO  and  P2R0  with  fourteen  leads  and 

l"ft3h\f  °r  P9°  anJ  P18S  with  onlV  the  contralateral  leads.  The 
Uft  half  of  Pig.  1  shows  the  distributions  for  PJO  and  N60  in  SEPs 
to  right  nerve  stimuli;  in  general  these  are  approximate  mirror 
images  of  those  obtained  with  left  nerve  SEPs.  Maximum  amplitude 
of  F  30  occurred  more  anteriorly  in  the  SEPs  of  nonpsychotics  than 
n  those  of  schizophrenics.  N60  peaks  were  more  negative  posterior- 

dLir-K  TP  CniCS  than  in  Othor  ^oups.  Pig.  5  shows  the 

distributions  for  peaks  PRO  and  P290.  As  with  the  left  nerve  stimu¬ 
li,  P9C  amplitude  of  nonpsychotics  was  greater  in  anterior  lord- 
™eUtrllCUrarlY  th°  COnt-l^eral  side;  also,  althoug,"  PRO 

-  1°  C°h  T  Uk°  t,iat  °f  nonpsychotics  in  most  leads 

it  dropped  to  the  level  of  the  schizophrenics  in  the  two  frontal 

ead:..  P„R0  amplitude  was  greatest  at  vertex  (Cz)  in  all  groups 
and  decreased  more  or  less  symmetrically  with  increasing  distance 
from  CZ  controls  had  the  highest  and  chronics  schizophrenics  the 
lowest  P2R0  amplitudes.  The  significant  interaction  for  P2R0  seems 
attributable  to  the  variations  between  leads  in  the  magnitude  of 
ciit  ferences  bo  two  on  groups  (Fig.  5). 

-  Profile  analysis  of  the  VEP  results  yielded  only  one 

r  '  lta  •  s3Rnificant  finding;  the  distribution  of  P300  differed 
Ivtween  groups.  Pig.  6  (top)  indicates  the  nature  of  the  topograph¬ 
ic  differences.  VEP  P300  amplitude  was  greatest  in  controls  in  the 
coronal  plane  leads,  particularly  at  Cz,  while  it  was  highest  n 

SSSr  mOSt  °t,U’r  l"*‘  “  ^  — ”V  low  i"  chronic 

AEP.  Most  of  the  significant  AKP  findings  indicated  group  dif¬ 
ferences  in  mean  amplitude.  AKP  peaks  n75,  PRO  and  Nllo  were  gen- 

::  L  f:S:rnirtlW  in  th°  Chronic  schizophrenics,  reflecting  low 
'hr  !  component  often  designated  as  N1  which  would  include 

11  thru  peaks.  plao  was  of  greatest  amplitude  in  the  nonpsychotics 
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SEP -LEFT  MEDIAN  NERVE 


»  •  N0NPSYCM0tlCStN»*6 

• «  CONTROLS  IN* 

Fig.  4.  Spatial  distributions  of  peaks  P90  and  N130  in  SEPs  (left 
median  nerve)  of  chronic  schizophrenics,  nonpsychotics  and  controls. 


Topographic  effects  were  demonstrated  for  P180  and  P360.  Fig.  6 
(bottom)  shows  the  P180  distributions;  the  amplitude  of  this  peak 
was  maximum  at  vertex  in  all  groups  and  decreased  symmetrically 
with  distance  from  Cz .  The  topographic  differences  seemed  to  result 
from  variations  between  leads  in  the  magnitude  of  group  differences. 
The  P360  effect  was  of  similar  nature. 


Latent  Schizophrenics  vs  "Other"  Schizophrenics  vs  Controls 

Because  the  small  number  of  subjects  imposed  constraints  upon 
the  number  of  variables  that  could  be  handled  at  once,  the  multi¬ 
variate  profile  analyses  for  this  set  of  comparisons  were  performed 
separately  for  the  three  coronal  leads  and  the  remaining  eleven 
leads.  The  analyses  involving  eleven  leads  yielded  only  one  signi¬ 
ficant  difference;  mean  amplitude  of  peak  P15  in  the  right  nerve  SEP 
was  lower  for  the  latent  schizophrenics  than  for  the  other  two  groups. 
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SEP-  RIGHT  MEDIAN  NERVE 


LEAD 


Fig.  5.  Spatial  distributions  of  peaks  P90  and  P290  in  SEPs  (right 
median  nerve)  of  chronic  schizophrenics,  nonpsychotics  and  controls. 


Eleven  analyses  involving  the  coronal  leads  yielded  significant 
findings.  For  left  nerve  SEPs  N18,  P45,  N60  and  P290  differed  be¬ 
tween  groups  in  mean  amplitude;  amplitudes  of  the  "other"  schizo¬ 
phrenics  were  lower  than  those  of  latent  schizophrenics  and  con¬ 
trols  for  N18,  N60  and  P290  and  higher  for  P45.  P90  and  P290  gave 

distribution  differences  that  appeared  to  result  from  relatively 
low  amplitudes  at  lead  Cz  in  the  "other"  schizophrenics,  while  the 
group  means  were  more  similar  at  the  T3  and  T4  leads.  For  right 
nerve  SEPs,  mean  P15  amplitude  of  the  latent  schizophrenics  was 
relatively  low,  and  mean  P290  amplitude  of  the  "other"  schizophren¬ 
ics  was  less  than  that  of  latents  and  controls.  P15,  P3 0  and  P290 
gave  distribution  effects  and  only  that  for  P290  seemed  clearly 
describabie.  As  with  left  nerve  SEP,  it  appeared  to  result  from 
very  low  P290  amplitude  at  Cz  in  the  "other"  schizophrenics.  The 
distributions  of  two  VEP  peaks  (N7S  and  P200)  and  one  AEP  peak 
(P180)  differed  between  groups.  These  effects  could  be  attributed 
to  greater  negativity  at  Cz  for  VEP  peak  N75  in  the  "other"  schizo¬ 
phrenics,  greater  positivity  of  VEP  peak  P200  at  Cz  in  the  latent 
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Fig.  6.  Spatial  distributions  of  VEP  peak  P300  and  AEP  peak  P180 
of  chronic  schizophrenics,  nonpsychotics  and  controls. 


schizophrenics  and  lower  amplitude  of  AEP  peak  P180  at  Cz  in  the 
"other"  schizophrenics. 

psychotic  Depressives  vs  Controls 

These  analyses  were  also  performed  separately  for  the  three 
coronal  and  the  remaining  eleven  leads.  The  analyses  involving 
eleven  leads  showed  that  the  mean  amplitudes  of  right  nerve  SEP  peak 
P185  and  AEP  peak  N110  were  lower  in  depressives  than  in  controls. 
Topography  differences  were  found  for  right  nerve  SEP  peak  P290 
and  AEP  peak  P190.  The  SEP  P290  effect  seemed  due  to  a  reduction 
at  T5  and  T6  of  the  difference  in  amplitude  at  all  other  leads, 
that  of  controls  being  greater.  For  AEP  P180  maximal  amplitudes 
were  more  posterior  in  controls  (at  leads  C3X  and  C4X)  than  in 
depressives  (leads  F3X  and  F4X)  .  The  analyses  involving  the  three 
coronal  leads  yielded  four  group  differences  in  mean  amplitude  - 
SEP  N130  (both  nerves) ,  AEP  P90  and  NllO  amplitudes  were  lower  in 
psychotic  depressives  than  in  controls.  An  interaction  for  left 
nerve  SEP  peak  N130  resulted  from  virtual  absence  of  this  peak  in 
the  depressives. 
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DISCUSSION 


The  data  revealed  a  number  of  differences  between  the  compari¬ 
son  groups  with  respect  to  both  mean  amplitudes  of  EF’  peaks  and 
their  spatial  distributions.  It  seems  pertinent  to  first  consider 
the  amplitude  results  because  of  their  methodological  relevance  for 
the  topography  data.  Convergence  between  the  data  yielded  by  the 
present  method  of  detecting  peaks  visually  and  those  provided  by 
the  previously  used  fully  automatic  technique  (Shagass  et  al . ,  1977, 
1978)  would  augment  confidence  in  the  reliability  of  the  topographic 
data . 


A  main  finding  in  our  previous  reports  was  that  El’s  of  overtly 
psychotic  patients  differed  from  normal,  particularly  in  events 
100  msec  or  more  poststimulus ,  while  those  of  nonpsychotic  patients 
and  latent  schizophrenics  did  not.  Present  results  generally  repli¬ 
cate  this  finding.  In  chronic  schizophrenics  amplitudes  were  lower 
than  those  of  nonpsychot ics  or  normals  in  SEP  peaks  P90  to  P290 
(Tables  l  and  2),  VHP  peak  P300  and  AEP  peaks  N75,  P90,  N110  and 
P180.  Amplitudes  of  later  EP  events  also  tended  to  be  lower  in 
the  group  of  "other"  overt  schizophrenics  than  in  controls  and  la¬ 
tent  schizophrenics  and  lower  than  normal  in  psychotic  depressives. 
In  addition  previous  evidence  of  greater  SEP  N60  amplitude  in  chron¬ 
ic  schizophrenics  was  confirmed  here  (Tables  1  and  2).  There  was 
thus  a  degree  of  convergence  between  the  results  yielded  by  the  two 
methods  of  measurement,  allowing  greater  confidence  in  the  topo¬ 
graphy  findings  than  one  might  have  if  the  automatically  obtained 
data  were  not  available. 

SEP  peaks  P30  and  N60  provided  the  topographic  differences 
between  clinical  groups  of  greatest  interest  (Fig.  3).  The  P30 
differences  were  surprising  to  us.  Our  impression  from  years  of 
recording  SEPs  in  all  kinds  of  subjects  was  that  P30  distribution 
was  relatively  constant,  with  maximum  positivity  at  leads  near  the 
postcentral  gyrus  hand  area  (C3X,  C4X) .  However,  nearly  all  of  our 
localization  experience  was  with  bipolar  leads.  While  present  data 
for  nonpsychotic  patients  agreed  with  our  expectations,  those  for 
chronic  schizophrenics  did  not,  and  many  controls  exhibited  a  P30 
amplitude  maximum  that  was  more  posterior  than  anticipated,  parti¬ 
cularly  in  the  right  hemisphere  (Fig.  3). 

The  topography  results  suggest  that  the  P30  generator  is  more 
anteriorly  located  in  nonpsychotic  patients  than  in  chronic  schizo¬ 
phrenics.  Although  not  statistically  reliable,  there  was  also  a 
trend  for  P30  to  peak  more  anteriorly  in  latent  than  in  the  "other" 
schizophrenics.  The  explanation  for  the  posterior  distribution  of 
P30  in  overt  schizophrenics  is  not  readily  forthcoming.  Although 
an  anatomical  difference  in  the  orientation  of  the  probable  source 
in  the  posterior  bank  of  the  postcentral  gyrus  (doff  et  al.,  1977) 
is  theoretically  possible,  one  would  be  more  comfortable  with  a 
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functional  e'Xpl  anat  i  on  .  The'  topographic  d  i  t  t  o  i  vncv:;  could  te-sult 
i  1  t  hot  e'  writ’  mu  1 1  i  p  l  o  qrlin  at  m  t  i  u  lMi)  niul  i  I  t  ho  t  e*  1  at  i  Ve*  ba  1  - 
ain’t  *  ot  art  i  \f  i  t  y  in  t  hose*  at  oi  s  d i t  t  ot  mi  be't  worn  groups  . 

Thu  NhO  punk  is.  t  ho  last  SKI'  event  re'striotml  to  tin*  font  i  a- 
l  a  t  o  i  a  1  horn  i  s|  'ho  ro  ( K  i  a  .  I  )  ;  it  apj  'o»i  i  s.  to  t  'i  ■  pat  t  ot  t  ho  "pr  i  nu  i  v  " 

complex  #  1  i  ko  I’  10.  Si  noo  Nod  was  also  it  i  s.  t  i  i  but  ml  moi  o  pos.t  oi  i  ot  l  y 

in  ohronio  soh  i  ;:ophron  i  os  than  in  nonpsychof  i  os  ot  normals  (pig.  0 

ono  may  ask  to  what  oxtont  IMO  aiut  Ni>0  may  tot  loot  t  ho  samo  pi  oooss 

Thoy  are  probably  i  lutopoiutont  ovonts.;  tlioit  spatial  it  i  st  t  i  but  i  ons 
'lit  til  (Sot  t  ot  al.,  I ''77),  ami  wo  louinl  low  oot  tolat  ion:;  hot  woo  n 
out  IMO  ami  NOO  mo.tsut  omont  s  .  Kurt  hot  mot  o  although  |’U>  tended  to 
ho  posteriorly  looatoil  in  t  ho  "st  hoi  "  soli  i  ::oph  ton  i  o  group,  that 
'It  oup  ilittoroil  I  tom  ohronio  soh  i  /.opht  on  i  os  with  tospoot  to  NoO 
(Shagass  ot  al.,  IM77)  .  This  suggests  that  t  ho  diagnostic  oono- 
latos  ot  IMO  ami  Nut'  topography  ato  not  iiiont  i  o»i  l  ami  that  thoro 
may  bo  somo  spooit  ioity.  The  t  hidings  tot  psyohot  ic  Mopi  os.s  i  vrs  , 
which  tovoalmi  no  liittoionoos  t  tom  normal  in  P’  aiui  Ni ' i '  topogtaphy 
provide  additional  oviiionoo  tavoring  diagnostic  specificity  tot  t  ho 
Moviant  d  i  st  i  i  but  i  ons  ot  tlioso  punks. 

Thu  tosults  inilio.it  ituj  that  both  IMO  ami  Ni > i '  ato  mote'  postoi- 
iotlv  ilistiibutod  in  ohtonio  soh  i /.opht  on  i  a  may  bo  tolatmi  to  t  ho 
t  hidings  provided  by  moasut  omont  s  ot  regional  out  obi  al  blooii  t  low 
(KhHK)  .  Ingvat  ami  Kran/.oii  (l4'7-l),  using  int racarot  id  i.niioaotivo 
i  sot  opo  injection,  ami  .luequy  ot  al.  (l4>7b),  usina  t  hooonoopha  1  o- 
gt.iphy,  both  toportoii  that  K0BK  was  teduoml  antoiiorly  ami  i :  imiso 
posteriorly  in  ohtonio  soh  i  /.opht  on  i  o:;  Tho  hiahot  posterior  load 

amplitinios.  ot  IMO  ami  NOO  in  ohronio  soh  i  .'.opht  cut  i  os  may  thus  bo 
parul  lolrni  by  increased  KOPK.  This  appai  out  oortulation  toquitos. 
oxpot  imontal  oont  irmat  ion.  It  ono  aooopt  s  huivai  '  s  (IM7M)  intor- 
pi  ot  at  ion  ot  the'  Ki’HK  d  i  t  I  o  t  onous  as  imiioativo  ot  a  tunotional 
disorder,  oont  i  t  mat  ion  ot  a  correlation  botwoon  KOPK  and  KK  Mist  t  i  — 
but  ions  would  torn!  to  lavot  tho  I unot  ional  tathoi  than  anatomioal 
i  nt  ot  pt  ot  .it  i  on  ot  doviant  KP  topoaiaphy. 

Tho  d  i  st  t  i  but  i  ons  ot  MKP  pe'ak  P‘>0  ato  ot  interest  in  tol.it  ion 
to  tho  report  by  dot  t  ot  al.  (l'>77)  that  this  pe'ak  (dos  i  gnat  e'd  by 
thorn  as  PlOO)  appears  to  oonsi  st  ot  a  trout  a  1  myogenic  t  i  not  ion 
and  a  postotioi  neurogenic  fraction.  Tho  tathoi  oomplox  distiibu- 
t  ion  patterns  found  tot  P'H>  (Pigs.  I  and  M  suotn  oomjt  uont  with  tho 
ido.i  ot  two  generators  and  suggest  that  both  tho  myogenic  and  nouto 
qonio  It  aot  ions,  oould  have'  oont  i  i  but  od  to  dittotonoos.  botwoon  gtoup 
i  n  put)  t  opoqt  aj'hy  . 

The'  diagnosis  by  load  intotaot  ions  found  tot  sovotal  latoi 
peaks  suoh  as  MKP  Nl  10  (Ki«j.  •! )  pose'  an  into)  plot  i  vo  problem,  as 
t  ho\  oom  due'  mainly  to  low  amplitude's  at  ot  ttoat  tho  ve'ttox  in 
1  i.’ophtontos  i.ithe't  than  to  olu.it  d  i  st  i  i  blit  ion  d  i  t  t  o  tonoos  .  Tho 
*  e  *  i  t  i .  a  l  t  opoqt  aph  i  o  o  t  t  oot  s.  tot  thoso  poaks  may  thus  bo  "at  t  i  t  i 
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CONTRAST  EVOKED  POTENTIALS  AND  PSYCHOPHYSICS  IN  MULTIPLE  SCLEROSIS 
PATIENTS 


H.  Spekreijse,  A.L.  Duwaer  and  F.E.  Posthumus  Meyjes 

Netherlands  Ophthalmic  Research  Institute  and 
Department  of  Neurology,  Wilhelmina  Gasthuis,  Amsterdam; 
Laboratory  of  Medical  Physics,  University  of  Amsterdam 


Visual  evoked  potentials  (VEPs)  have  become  widely  accepted  in 
recent  years  in  diagnostic  schemes  for  the  assessment  of  multiple 
sclerosis  (MS)  .  It  lias  been  shown  that  for  this  purpose  a  deviation 
in  latency  is  a  better  criterion  than  a  deviation  in  amplitude, 
since  amplitude  varies  widely  among  subjects,  whereas  EP  latency, 
especially  with  contrast  stimulation,  remains  restricted  to  a  rather 
narrow  range.  The  latency  of  the  EP  to  stimulation  with  a  reversing 
checkerboard  pattern  appears  to  be  increased  in  268  out  of  393 
(=  68%)  MS  patients  (Halliday  et  al.,  1973:  49/51  =  96*;  Asselman 
et  al.,  1975:  34/51  =  61*;  Mastaglia  et  al.,  1976:  34/68  =  50%; 

Regan  et  al.,  1976:  6/13  =  46%;  Lowitsch  et  al.,  1976:  98/135  =  73%; 
Hennerici  et  al.,  1977:  35/57  =  61%;  Duwaer  and  Spekreijse,  1978: 
12/18  =  67%).  However,  latency  increases  are  not  specific  for  mul¬ 
tiple  sclerosis  since  they  have  also  been  observed  in  patients  with 
a  variety  of  other  pathologies  (Assesman  et  al.,  1975;  Halliday  et 
al.,  1976).  Furthermore,  an  increased  EP  latency  cannot  always  be 
ascribed  to  an  increased  conductance  time  due  to  demyel ination  of 
the  optic  nerve  fibers  since  a  variety  of  modifications  in  the  stim¬ 
ulus  situation  -  modifications  which  might  also  be  induced  by  the 
presence  of  pathologies  in  the  subject  -  may  result  in  an  increased 
EP  latency  (Duwaer  and  Spekreijse,  1978).  Some  examples  are  given 
in  Fig.  1. 

The  responses  in  Fig.  1A  show  that  nonoptimal  optical  correc¬ 
tion  can  increase  the  latency  of  the  contrast  EP  without  affecting 
the  shape  of  the  response.  This  condition  mimics  what  may  happen  in 
subjects  with  lower  visual  acuity.  Furthermore ,  a  reduction  of 
contrast  (Fig.  1 B )  or  reduction  of  the  moan  luminance  level  of  the 
checkerboard  pattern  (Fig.  1C)  -  conditions  which  both  may  simulate 
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Fig.  1.  Examples  of  peak  latency  increases  and  broadening  of  the 
contrast  EP  by  manipulation  of  stimulus  parameters.  A:  Transient 
(inion-vertex)  EPs  to  pattern  reversal  (mean  luminance  150  asb)  in 
a  healthy  emmetropic  subject  with  (thin  line)  and  without  (heavy 
line)  a  cylindrical  lens  of  +3D  inserted  to  blur  the  horizontal 
edges  of  the  checks.  The  binocularly  presented  checkerboard  witli 
15'  checks  and  80%  contrast  reversed  with  a  repetition  period  of 
500  msec.  Although  the  shapes  of  the  responses  are  rather  similar, 
the  latency  appears  to  increase  by  25  msec  when  the  lens  is  inserted. 
B:  Transient  (inion-vertex)  EPs  of  a  healthy  subject  to  the  appear¬ 
ance  of  a  checkerboard  (mean  luminance  150  asb)  with  10'  checks  at 
80%  contrast  (upper  trace)  and  12%  contrast  (lower  trace) .  The 
checks  were  presented  for  40  msec  with  a  repetition  period  of  520 
msec.  The  EP  obtained  at  12%  contrast  has  an  18  msec  longer  latency 
than  the  EP  obtained  at  80%  contrast.  C:  Transient  (inion-vertex) 
EPs  of  a  healthy  subject  to  the  appearance  of  a  checkerboard  with 
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20'  checks  at  80%  contrast  and  a  mean  luminance  of  200  asb  (upper 
trace)  and  5  asb  (lower  trace),  respectively.  The  checks  were  pre¬ 
sented  monocularly  once  per  sec  for  40  msec.  The  low  luminance 
contrast  F.P  has  a  25  msec  longer  latency.  D:  Transient  (inion- 
vertex)  EPs  to  the  appearance  of  a  monocularly  presented  checker¬ 
board  of  80%  contrast  and  checks  of  15'  (upper  trace)  and  1.8'  (lower 
trace),  respectively.  7'he  pattern  with  a  mean  luminance  of  150  asb 
was  presented  for  40  msec  with  a  repetition  period  of  520  msec.  The 
EP  to  15'  check  presentation  has  a  20  msec  longer  latency  than  the 
EP  obtained  with  1.8'  checks.  E:  Transient  (inion-vertex)  EPs  to 
the  appearance  of  a  checkerboard  pattern  with  checks  of  15'  and  10% 
contrast.  The  checkerboard  with  a  mean  luminance  of  2000  asb  was 
presented  for  250  msec  with  a  repetition  period  of  500  msec.  The 
peak  latency  of  the  EP  obtained  with  a  stimulus  field  diameter  of 
1  has  a  40  msec  longer  peak  latency  than  the  6'  field  diameter  EP. 
Note  the  broadening  of  the  response  with  reduction  of  stimulus  field 
diameter . 
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lowered  sensitivity  -  can  result  in  latency  increases  of  the  same 
order  as  in  positive  classification  of  MS  patients.  The  same  happens 
when  check  size  (Fig.  IP)  is  reduced,  a  simulation  of  the  situation 
in  amblyopes  since  mean  receptive  field  diameter  varies  with  eccen¬ 
tricity.  Finally,  reduction  of  stimulus  field  size,  simulating 
visual  field  defects  (Fig.  IF),  can  cause  broadening  of  the  waveform 
of  the  contrast  EP  and  a  substantial  increase  of  its  peak  latency. 
These  examples  illustrate  directly  that  there  can  be  many  causes  for 
the  increase  of  the  contrast  EP  latency  and/or  broadening  of  the 
waveform  of  the  response.  Although  it  cannot  be  said  beforehand 
whether,  in  the  presence  of  pathologies  in  the  visual  system,  broaden¬ 
ing  of  the  response  or  solely  a  shift  in  latency  will  occur,  it  is 
our  finding  that  near  psychophysical  threshold  broadening  of  the 
response  nearly  always  predominates. 

Since  contrast  EP  latency  increases  can  apparently  be  due  to 
many  causes,  it  might  be  expected  ttiat  part  of  the  EP  latency 
increase  in  MS  patients  can  be  attributed  to  causes  other  than 
increased  conductance  time  in  optic  nerve  fibers.  Many  of  these 
causes  can  also  be  detected  with  other,  nonspecific  visual  tests 
such  as  acuity,  static  perimetry  and  CFF ,  as  has,  in  fact,  been 
demonstrated  by  Lowitsch  et  al.  (1976).  It  has,  therefore,  become 
important  to  evaluate  whether  contrast  EPs  can  provide  additional 
information  for  the  diagnosis  of  multiple  sclerosis  and  to  establish 
whether  contrast  EP  tests  can  be  made  more  specific  for  multiple 
sclerosis  by  considering  features  of  the  response  other  than  latency 
alone. 

In  a  previous  paper  (Duwaer  and  Spekreijse,  1978)  we  recommend¬ 
ed,  for  MS  diagnosis,  (a)  determination  of  the  apparent  latency  from 
the  phase  spectrum  of  the  responses  to  checkerboard  reversal  at 
repetition  rates  between  5  and  20  Hz,  since  in  that  frequency  range 
the  failure  rate  was  found  to  be  minimal,  and  (b)  investigation  of 
the  waveform  of  the  transient  F.P  obtained  at  a  low  reversal  rate. 

In  the  present  paper  we  will  discuss  whether  the  specificity  of  the 
apparent  latency  data  can  be  improved  by  also  taking  into  account 
the  shape  of  the  amplitude  characteristic  obtained  with  these  rever¬ 
sal  stimuli.  For  this  purpose,  and  for  an  evaluation  of  additional 
information  provided  by  EP  data,  psychophysical  data,  such  as  flicker 
fusion  curves  (De  Lange  curves)  and  perimetric  sensitivity  profiles, 
will  also  be  considered. 


METHODS 

A  TV  screen  (Sony  rVM-1810  E,  50  Hz)  subtending  8'  X  Gl  was 
used  to  display  at  a  mean  luminance  of  150  asb  a  black  and  white 
checkerboard  pattern  of  90*  contrast  with  checks  ranging  from  15* 
to  55’ .  The  subjects  were  asked  to  fixate  upon  a  pink  square  of 
10' ,  which  was  positioned  approximately  in  the  center  of  the  screen. 
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The  EPs  were  derived  from  2  Ag-AgCl  electrodes  positioned  on 
the  midline  at  respectively  1  em  and  10-14  cm  above  the  inion,  and 
from  a  third  electrode  placed  on  the  right  mastoid.  An  electrode 
half  way  between  the  two  midline  electrodes  served  as  patient  ground. 
In  the  text  only  inion-vertex  recordings  will  bo  shown.  The  first 
mentioned  electrode  location  is  the  positive  one,  and  the  polarity 
convention  adopted  in  the  figures  is  positive  upwards.  The  band¬ 
width  of  tlie  FEG  amplifiers  was  set  at  0.5  -  75  Hz;  the  EP  latencies 
and  amplitudes  were  corrected  for  the  phase  shift  and  amplitude 
reduction  introduced  by  the  low  pass  fourth  order  Rutterworth  filter 
(Barr  and  Strout  EF  14;  cut-off  frequency  75  Hz) .  An  HP-2100  com¬ 
puter  was  used  to  average  the  pattern  EPs  and  to  determine  the  phase 
and  amplitude  of  the  first  harmonic  component  in  the  EPs  to  check¬ 
erboard  reversal.  Depending  on  the  stimulus  condition  40  to  300  KPs 
were  averaged;  the  reversal  rates  were  fixed  by  the  25  Hz  frame 
frequency  of  the  TV  stimulator  at  5.6,  6.2,  7.1,  0.3,  10.0,  12.5, 

16.7  and  25  rev/sec.  The  apparent  latency  of  the  KPs  to  pattern 
reversal  was  calculated  from  t he  slope  of  the  phase  spectrum  accord¬ 
ing  to: 


apparent  latency 


( 


phase  difference  in  degrees 
frequency  interval  in  Hz 


1000 

360 


msec 


The  stimulus  for  the  flicker  fusion  curves  was  generated  by  circular 
fluorescent  lamps.  The  circular  sine  wave  modulated  stimulus  field 
of  1  diameter  had  a  mean  luminance  of  2000  asb  and  was  surrounded 
by  a  25  steady  field  of  10  times  lower  luminance  level.  The  visual 
field  plots  of  the  multiple  sclerosis  patients  were  determined  with 
the  Friedmann  analyser  (flash  duration  300  nsec)  and  the  Tubing or 
perimeter  (flash  duration  500  msec). 


RESULTS  AND  DISCUSSION 

r'ig.  2  presents  some  typical  amplitude  characteristics  obtained 
in  three  healthy  subjects  to  monocular  presentation  of  the  pattern 
reversal  stimulus.  Note  the  substantial  interindividual  variability 
in  the  shape  of  these  characteristics.  To  compare  the  amplitude 
characteristics  of  healthy  subjects  and  MS  patients,  the  high  fre¬ 
quency  attenuation  was  determined  for  reversal  frequencies  at  8.3 
and  16.7  rev/sec.  It  was  not  possible  to  estimate  attenuation  over 
a  higher  frequency  octave  since,  at  the  highest  reversal  frequency 
of  25  rev/sec  that  could  be  produced  by  our  TV  stimulator,  only  rare¬ 
ly  could  a  reliable  reversal  FP  be  recorded.  Furthermore,  the  res¬ 
ponses  at  reversal  rates  of  10  and  12.5  rev/sec  had  to  unfortunately 
be  ignored  since  these  responses  can  show  substantial  scatter  duo 
to  contamination  by  u-activity.  The  attenuations  determined  over 
the  frequency  octave  from  8.3  to  16.7  rev/sec  are  presented  along 
the  vertical  axis  in  Fiq.  3.  Along  the  horizontal  axis  in  this 
figure  the  corresponding  apparent  latencies,  estimated  over  the 
same  frequency  trajectory  of  the  phase  characterist ic,  are  presented. 
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In  the  healthy  subjects  the  mean  apparent  latency  amounts  to  109  +_ 

9  msec.  Both  the  mean  and  the  standard  deviation  of  the  apparent 
latency  are  somewhat  higher  than  reported  in  a  previous  study  (105 
+_  7  msec;  Duwaer  and  Spekreijse,  1978)  ,  since  the  responses  obtained 
in  the  frequency  trajectory  from  5.6  to  8.3  rev/sec  were  not  con¬ 
sidered  in  the  present  study.  With  the  criterion  that  apparent 
latencies  can  be  classified  as  abnormal  when  they  exceed  3  SD,  i.e., 
reach  a  value  of  r  +  3a  ,  the  EPs  in  sixteen  out  of  twenty- three 
MS  patients  were  classified  as  deviating.  This  detection  rate  of 
7o%  agrees  quite  well  with  those  reported  in  literature  for  non- 
selected  MS  patients,  classified  according  to  McAlpine's  criteria 
(see  introduction).  Inspection  of  Fig.  3  shows,  furthermore,  that 
attenuation  per  se  seems  to  be  of  no  use  in  clinical  diagnosis. 
Although  the  scatter  is  substantial,  the  data  in  Fig.  3  show  a  rela¬ 
tion  between  apparent  latency  and  attenuation.  The  regression  lines 
in  Fig.  3  have  a  correlation  coefficient  of  0.4  (p  <  0.1%,  t-test) 
end  slopes  of  0.08  dB/msec  and  2.2  msec/dB,  respectively.  This 
significant  correlation  between  high  frequency  attenuation  and  ap- 


Fig.  2.  Amplitude  of  the  first  harmonic  component  in  the  inion- 
vertex  EP  of  three  healthy  subjects  as  a  function  of  the  reversal 
frequency  of  a  monocularly  presented  checkerboard  with  20'  checks 
of  90%  contrast.  Mote  the  large  interindividual  variability. 
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parent  latency  suggests  that  it  cannot  be  excluded  that  part  of  the 
apparent  latency  increase  in  MS  patients  is  due  to  an  increase  in 
high  frequency  attenuation.  It  should  bo  noted  that  this  can  be 
caused  by  either  a  lowering  of  the  cut-off  frequency  and/or  a  steep¬ 
ening  of  the  high  frequency  slope  of  the  amplitude  characteristic. 

To  illustrate  how  profound  the  effect  of  a  change  in  dynamics 
can  be  on  the  apparent  latency  of  the  contrast  reversal  responses, 
reversal  EPs  were  recorded  in  four  healthy  subjects  at  four  levels 
of  mean  luminance,  ranging  from  200  asb  to  as  low  as  0.5  asb  (inten¬ 
sity  range  of  2.6  log  units).  These  data,  which  are  presented  in 
Fig.  4,  show  that  a  reduction  of  mean  luminance  level  lias  a  strong 
effect  on  both  the  attenuation  and  the  apparent  latency  of  the  re¬ 
versal  EP.  Since  reduction  of  luminance  results  mainly  in  dynamical 
changes  at  distal  retinal  levels,  whereas  the  pathology  in  the  visual 
system  of  MS  patients  is  most  likely  located  in  the  optic  nerve, 
this  result  indicates  that  reduced  high  frequency  sensitivity  is  not 
necessarily  characteristic  for  MS. 

On  the  other  hand,  latency  increases  can  by  themselves  result 
in  high  frequency  attenuation.  If  by  progressive  demyelination  the 
conduction  of  times  of  those  optic  nerve  fibers  that  serve  as  input 
channels  for  the  contrast  EP  vary  substantially,  then  the  steady 
state  EP  may  be  attenuated  and  the  waveform  of  the  transient  EP 
broadened.  If  for  the  sake  of  simplicity  the  assumption  is  made 
that  the  conduction  time  across  the  optic  nerve  fibers  follows  a 
Gaussian  distribution,  then  the  frequency  components  in  the  contrast 
EP  are  attenuated  according  to: 

exp  l 1 ,  in  which  a  is  the  spread  in  latency  in  sec,  and  u'=2nf 

with  f  ttie  frequency  in  Hz.  Since  conduction  time  increases  due  to 
demyelination  of  optic  nerve  fibers  can  be  at  most  30  msec  (Ogden 
and  Miller,  1966;  McDonald  and  Sears,  1969,  1970;  Kasminsky  and 
Sears,  1972),  a  is  not  likely  to  exceed  10  msec.  With  a  =  10  msec 
the  high  frequency  attenuation  over  the  frequency  trajectory  from 
8.3  to  16.7  Hz  is  increased  by  a  factor  of  only  1.5  (3.5  dB) .  So, 
conduction  time  jitter  is  not  likely  to  explain  the  frequently  ob¬ 
served  high  frequency  attenuation  in  MS  patients.  However,  increase 
of  conduction  time  is  not  the  only  cause  for  latency  jitter.  If, 
for  example,  the  overall  sensitivity  is  reduced  and  hence  the  con¬ 
trast  stimulus  closer  to  psychophysical  threshold,  then  the  waveform 
of  ttie  contrast  EP  generally  broadens  by  much  more  than  10  msec 
(see  for  example  Fig.  IE) .  So,  latency  jitter  cannot,  therefore, 
be  excluded  as  a  major  cause  of  increased  high  frequency  attenuation 
in  MS  patients. 


Due  to  the  large  interindividual  variability,  the  shapes  of 
the  amplitude  characteristics  obtained  witli  contrast  reveral  cannot 
be  used  as  an  inter individual  criterion  that  will  be  conclusive  in 
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Fig.  3.  Amplitude  attenuation  of  inion-vertex  EPs  to  checkerboard 
reversal  is  plotted  versus  the  apparent  latency  of  these  EPs,  which 
were  obtained  in  eight  healthy  subjects  and  twenty-three  MS  patients. 
The  monocularly  presented  checkerboard  of  8°  X  6°  consisted  of  20' 
checks  at  90%  contrast.  Amplitude  attenuation  was  calculated  from 
8.3  to  16.7  rev/sec  according  to  A  =  20  log  A16.7/A8.3  dB,  in  which 
A16.7  and  A8.3  represent  the  amplitudes  of  the  first  harmonic  com¬ 
ponent  of  the  contrast  EP  to  16.7  and  8.3  rev/sec,  respectively. 
Apparent  latencies  were  calculated  from  the  slope  of  the  phase 
characteristic  of  the  first  harmonic  component  in  the  EP  to  8.3,  10, 
12.5  and  16.7  rev/sec,  respectively.  The  attenuation  was  plotted 
in  decibels  (dB)  along  the  vertical  axis  and  the  apparent  latency  in 
milliseconds  (msec)  along  the  horizontal  axis.  The  data  for  healthy 
subjects  are  indicated  by  filled  circles;  those  of  MS  patients  by 
open  squares.  The  regression  lines  through  all  data  points  have 
the  slopes  of  0.08  dB/msec  and  2.2  msec/dB,  respectively.  The  cor¬ 
relation  coefficient  amount  of  0.42  (p  <  0.1%,  t-test). 
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Fig.  4.  High  frequency  amplitude  attenuation  of  inion-vertex  EPs  to 
checkerboard  reversal  is  plotted  versus  the  apparent  latency  of 
these  responses,  which  were  recorded  from  four  healthy  subjects. 

The  mean  luminance  of  the  monocular ly  presented  checkerboard  (CO1 
checks;  90%  contrast)  was  set  at  four  levels  of  200  asb  (open  cir¬ 
cles),  20  asb  (filled  circles),  2  asb  (filled  squares)  and  0.5  asb 
(open  squares),  respectively.  Throughout  the  experiments  an  arti¬ 
ficial  pupil  of  3  mm  diameter  was  used. 


attributing  latency  increases  to  reduction  in  high  frequency  sensi 
tivity.  However,  inspection  of  the  monocular  amplitude  characteris¬ 
tics  (see  Fig.  2)  shows  that  the  intraindividual  variability  is 
much  weaker.  So  the  attribution  of  latency  increases  to  changes  in 
amplitude  characteristics  (and  vice  versa)  should  be  inferred  from 
intraindividual  comparison  of  contrast  reversal  characteristics. 

Such  an  approach  may  become  even  more  conclusive  when  psychophysical 
data  such  as  flicker  fusion  curves  (De  Lange  curves)  and  perimetric- 
ally  determined  sensitivity  profiles  are  also  taken  into  considera- 
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With  regard  to  the  interpretation  of  the  visual  field  profiles 
determined  with  brief  flashes  (the  Friedmann  perimeter  uses  flashes 
with  a  duration  of  0.3  msec),  it  should  be  noted  that  a  reduced  sen¬ 
sitivity  for  these  brief  flashes  can  point  to  both  a  loss  in  overall 
sensitivity  (i.e.,  a  reduced  gain  irrespective  of  frequency)  and  to 
reduced  high  frequency  sensitivity.  On  the  other  hand,  visual  field 
plots  determined  with  the  Tubinger  perimeter  will  be  less  influenced 
by  sole  reduction  of  high  frequency  sensitivity,  since  the  Tubinger 
perimeter  employs  flashes  of  500  msec  which  contain  less  high  fre¬ 
quencies  than  brief  flashes.  So  not  only  can  reduced  high  frequency 
sensitivity  be  detected  by  means  of  the  flicker  fusion  curves  but 
also  by  comparison  of  results  obtained  with  the  Friedmann  and  Tu¬ 
binger  perimeters. 

The  additional  information  for  the  diagnosis  of  MS  that  can  be 
gained  from  considering  not  only  the  HP  latency  but  also  the  contrast 
EP  amplitude  characteristic,  flicker  fusion  curve  and  visual  field 
profile  will  be  exemplified  by  results  obtained  in  three  MS  patients. 

The  first  case  is  a  definite  MS  patient  according  to  McAlpine's 
criteria.  Stimulation  of  the  left  eye  of  this  patient  gives  a  devi¬ 
ating  flicker  fusion  curve  (Fig.  5A) .  Not  only  is  the  overall  sen¬ 
sitivity  reduced  by  about  a  factor  of  5,  but  there  is  also  a  sub¬ 
stantial  loss  of  high  frequency  sensitivity.  Furthermore,  the  peak 
latency  of  the  transient  reversal  EP  upon  stimulation  of  the  left 
eye  is  increased  (interocular  latency  difference  of  44  msec;  Fig 
5B) ,  and  also  the  apparent  latency  is  abnormal  (interocular  latency 
difference  of  71  msec,  Fig.  5C) .  Finally,  the  amplitude  character¬ 
istic  upon  reversal  stimulation  of  the  left  eye  shows  pronounced 
loss  of  high  frequency  sensitivity  (interocular  attenuation  differ¬ 
ence  from  8.3  to  16.7  rev/sec  amounts  to  19  dB;  Fig.  5D) .  From 
these  data  it  is  evident  that  the  latency  increase  of  the  left  eye 
contrast  EP  is  at  least  partly  du»  to  increased  high  frequency  at¬ 
tenuation.  Further  inspection  of  the  flicker  fusion  curves  reveals 
an  interocular  attenuation  difference  of  about  3  dB  in  the  frequency 
range  from  4  to  8  Hz  and  of  about  15  dB  over  the  trajectory  from  8 
to  16  Hz.  The  latter  attenuation  difference  is  more  compatible  with 
the  interocular  attenuation  difference  of  the  EP  amplitude  charac¬ 
teristic  than  the  former  one.  This  suggests  that  the  pathology  in 
the  visual  system  of  this  patient  operates  upon  the  reversal  fre¬ 
quency  instead  of  the  luminance  modulation  frequency  of  the  indivi¬ 
dual  checks  in  the  reversing  checkerboard.  Since  this  patient  had 
suffered  from  left  eye  optic  neuritis,  the  origin  of  the  increased 
high  frequency  attenuation  is  most  likely  the  optic  nerve.  This 
implies  that  an  analysis  of  signal  processing  in  the  optic  nerve  to 
a  reversal  stimulus  should  be  based  upon  the  dynamics  at  contrast 
frequencies. 

The  second  case  is  a  definite  MS  patient  whose  right  eye  has  an 
abnormal  sensitivity  profile  with  scotoma  in  separate  segments  of 
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the  visual  field  (Fig.  6A) .  Also  the  peak  latencies  of  the  right 
eye  transient  reversal  FPs  are  abnormal  (for  checks  of  55'  the  inter¬ 
ocular  latency  difference  amounts  to  40  msec;  Fig.  6D)  .  However, 
the  apparent  latencies  derived  from  high  reversal  rate  FPs  are  normal 
(right  eye  119  msec;  left  eye  1111  msec;  Fig.  6c),  and  the  corres¬ 
ponding  amplitude  characteristics  have  the  same  slope  (Fig.  6B) .  So, 
on  the  sole  basis  of  apparent  latency  of  the  reversal  FPs  this  pa¬ 
tient  would  have  been  classified  as  normal.  However,  inspection  of 
the  amplitude  characteristics  shows  that  at  progressively  lower 
reversal  rates  the  interocular  amplitude  difference  gradually  dis¬ 
appears.  This  suggests  that  the  optic  nerve  fibers  that  transmit 
the  signals  which  finally  result  in  the  contrast  EP  can  be  roughly 
divided  into  two  populations:  one  with  normal  conduction  time  and 
high  freguency  sensitivity  and  the  other  with  increased  conduction 
time  and  reduced  high  frequency  sensitivity.  At  low  reversal  rates 
both  populations  contribute  to  the  response,  resulting  in  a  broad¬ 
ening  of  the  transient  contrast  EP  and  roughly  similar  EP  amplitudes. 
At  high  reversal  rates  only  the  normal  population  initiates  the 
contrast  EP  resulting  in  normal  apparent  latency  and  normal  high 
frequency  attenuation,  although,  of  course,  the  amplitude  of  the 
response  is  smaller.  This  hypothesis  is  supported  by  the  sensitivity 
profile  of  the  right  eye  of  this  patient  which,  indeed,  shows  patchy 
scotomata  in  the  central  8'  of  the  visual  field,  i.e.,  the  retinal 
region  from  which  contrast  EPs  can  be  recorded. 

The  third  case  is  a  probable  MS  patient  whose  flicker  fusion 
curves  (Fig.  7A)  and  EP  amplitude  characteristics  (Fig.  7b)  seem 
rather  similar  for  stimulation  of  either  eye.  Yet  the  apparent 
latencies  (left  eye  207  msec;  right  eye  188  msec;  Fig.  70  and  the 
peak  latencies  of  the  transient  reversal  EPs  (left  eye  ’77  msec; 
right  eye  158  msec;  Fig.  7D)  are  quite  abnormal.  So,  this  patient 
seems  to  be  one  of  the  rare  cases  in  which  latency  increase  is  not 
accompanied  by  a  loss  in  high  frequency  sensitivity. 

The  above  results  show  that  part  of  the  latency  increases  of 
the  contrast  EPs  in  multiple  sclerosis  patients  are  accompanied  by 
reduced  sensitivity  and  increased  higti  frequency  attenuation.  A 
latency  increase  of  contrast  EPs  seems,  therefore,  to  imply  deviat¬ 
ing  results  in  standard  methods  of  testing  visual  functioning,  in 
particular  static  perimetry.  This  has  been  confirmed  in  twelve  MS 
patients  by  direct  comparison  of  EP  latency  and  sensitivity  profiles 
obtained  with  static  perimetry.  In  all  patients  with  increased  EP 
latency  (eight  out  of  twelve),  sensitivity  appears  to  be  reduced 
in  the  central  10v  of  their  visual  field.  In  nine  out  of  eleven 
eyes  with  increased  contrast  HP  latency,  sensitivity  was  also  reduced 
outside  the  central  1(V  region.  In  one  patient  with  normal  EP 
latency,  sensitivity  was  reduced  in  the  central  10  .  Comparison  of 
the  results  obtained  with  the  Friedmann  perimeter  (pulse  width  300 
msec)  and  those  obtained  with  the  Tubinger  perimeter  (pulse  width 
0.5  sec)  shows  that  in  these  patients  abnormalities  are  always  de- 
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Fig.  5.  Psychophysics  and  electrophysiology  of  a  definite  MS  patient 
A:  Threshold  modulation  depth  is  plotted  as  a  function  of  the  fre¬ 
quency  of  a  sinusoidally  modulated,  homogeneously  illuminated  test 
field  with  a  diameter  of  1°  and  a  mean  luminance  of  2500  asb.  The 
left  eye  flicker  fusion  curve  (open  circles,  dashed  line)  has  a 
lower  sensitivity  and  cut-off  frequency  than  the  "normal"  right  eye 
curve  (filled  circles,  solid  line) .  B:  Inion-vertex  EPs  to  monocu¬ 
lar  stimulation  with  20'  checks  at  90%  contrast  reversing  at  a  rate 
of  3.85  rev/sec.  The  peak  latency  of  the  first  positive  component 
in  the  left  eye  EP  (upper  trace)  amounts  to  180  msec  and  that  of  the 
right  eye  EP  is  136  msec  (lower  trace).  C:  Phase  lag  of  the  first 
harmonic  component  in  the  inion-vertex  EP  as  a  function  of  the  re- 
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I-'ig.  6.  Psychophysics  and  elt'c  trophy  siology  of  a  definite  MS  pa¬ 
tient.  A:  The  visual  fit'ld  plots  weri'  iletermined  with  the  Fried¬ 
mann  analyzer.  The  numbers  are  a  measure  for  sensitivity  in  log 
units  (e.g.,  2.0,  1.8,  0.0).  B:  Amplitude  characteristics  of  inion 
vertex  EPs  to  monocular  checkL'rboard  reversal  (stimulus  conditions 
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as  in  Pig.  r>n)  .  The  amplitude  attenuation  botweory  B.I  and  In. 7 
rev/sec  amounts  to  6.1  dB  and  0 . 9  dB  for  left  eye' and  right  eye, 
respectively.  C:  Phase  characteristics  of  in  ion-vert  ox  KPs  to 
monocular  checkerboard  reversal  (stimulus  conditions  as  in  Pin.  SC). 
Apparent  latencies  amount  of  119  msec  and  101  msec  for  right  and 
left,  eye,  respectively.  D:  Inion-vertex  KPs  to  monocular  stimula¬ 
tion  with  S5'  checks  .it  90*  contrast,  reversing  at  a  rate  ot  rev 
sec.  The  peak  latency  of  the  first  positive  component  in  the  left 
eye  KP  amount s  to  90  msec;  that  of  the  i  ight  eye  IT  is  1  is  msec. 
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Fig.  7.  Psychophysics  and  electrophysiology  of  a  probable  MS  pa¬ 
tient.  A:  Flicker  fusion  curves  to  separate  stimulation  of  right 
(filled  circles  and  solid  line)  and  left  eye  (open  circles  and 
dashed  line).  For  stimulus  conditions,  see  Fig.  5A.  B:  Amplitude 
characteristics  of  inion-vertex  KPs  to  monocular  checkerboard  rever 
sal.  For  stimulus  conditions,  see  Fig.  5b.  The  amplitude  atten¬ 
uation  between  8.3  and  16.7  rev/sec  amounts  to  3.3  dB  and  2.9  dp 
for  left  and  right  eye,  respectively.  C:  Phase  character ist ics 
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of  inion-vertex  KPs  t  s'  monoeul.it  oheokerboat  .1  reversal.  I\'t  st  imvtlu 
comli t ions ,  see  Kin.  SC.  Appsitvnt  latencies  ams'unt  t  s'  180  msos-  aiul 
307  msi'i'  tot  risjht  .tn.t  loft  eye  Ill's,  respect  ively .  1':  In  ism-vert  ex 

KPs  to  monos'u  1. it  stimulation  with  .'O’  checks  .it  ‘>0*  oontt.ist,  fevers 
ins)  at  a  rate  of  b.2S  rev/see.  The  ix-ak  latency  of  the  first  posi¬ 
tive  component  in  the  left  eye  IIP  (upper  trace)  ams'ttnts  t  s>  177  msec 
.ittsl  that  of  the  risjht  eye  EP  (ls'wer  trace)  is  ISO  msec. 


380 


H  SPEKREIJSE  ET  AL 


tec  ted  with  both  perimeters.  '.'his  suggest  •,  that  fot  the  mult  t"le 
sclerosis  patients  ?st  udieci,  increased  high  I  1  equenoy  attenuation 
only  rarely  occurs  without  a  reduced  overall  sensitivity.  Similai 
results  have  been  described  by  Uiwitsch  et  al.  (197b).  lp  theii 
study,  sixty- fout  out  of  seventy-one  MS  patients  with  abnormal  it  ten 
in  Goldmann  perimetry  showed  increased  contrast  Ed  latency.  Then 
publication  does  not  provide  the  combined  detection  rate  of  I'ried- 
mann  and  Goldmann  perimetry.  Their  data  do  show,  however,  that  the 
detection  rate  on  the  basis  of  contrast  11'  latency  (98  out  of  136) 
is  only  slightly  higher  titan  the  combined  detection  rate  of  other, 
nonspecific  methods  of  testing  visual  functioning  (95  out  of  135). 


SUMMARY 

our  data  indicate  that  additional  information  can  t->e  gained 
for  the  diagnosis  of  MS  by  considering  not  only  the  apparent  latency 
of  the  contrast  reversal  Ed’s,  but  also  their  amplitude  characteris¬ 
tics.  Results  obtained  from  twenty-three  MS  patients  indicate  that 
the  latency  increase  of  the  contrast  Ed'  may  bo  accompanied  by  in¬ 
creased  high  frequency  attenuation  or  by  a  reduced  overall  sensi¬ 
tivity.  The  latter  lias  been  confirmed  in  another  group  of  twelve 
MS  patients  of  whom  all  eight  with  increased  contrast  Ed'  latency 
had  a  lower  sensitivity  in  static  perimetry. 
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Kenneth  Squires,  Douglas  Goodin  and  Arnold  Starr 
University  of  California,  Irvine 
Irvine,  California  92717 


An  abnormal  response  to  sensory  information  can  result  from 
deficits  in  sensory  transmission,  cognitive  processing  or  response 
production.  Recently  it  has  become  feasible  to  comprehensively 
evaluate  sensory  transmission  using  event  related  potentials  (ERPs) . 
With  ERP  techniques  the  functioning  of  the  afferent  pathways  can 
now  be  reliably  determined,  and  lesions  in  the  pathways  can,  in 
many  instances,  be  precisely  localized  (see  Starr,  1978  for  review). 
Among  neurological  patients,  however,  the  problem  often  lies  at 
one  of  the  two  remaining  stages  about  which  ERP  procedures  currently 
in  clinical  use  provide  little  information.  Among  these  patients, 
differentiating  those  with  real  deficits  in  cognitive  function 
from  those  who  are  unable  to  interact  with  the  examiner  due  to 
motor  or  language  deficits,  or  who  are  unwilling  to  cooperate,  is 
often  a  difficult  and  subjective  task.  Direct  recording  of  brain 
activity  in  the  form  of  ERPs  is  one  way  to  overcome  such  obstacles 
of  communication  and  cooperation  since  it  requires  no  overt  response 
on  the  part  of  the  patient  and  only  a  modicum  of  cooperation.  Also, 
since  certain  "endogenous"  components  of  the  ERP  have  been  unequiv¬ 
ocally  associated  with  cognitive  activity  in  a  wide  variety  of 
studies  (see  Donchin  et  al.,  in  press,  and  Tueting,  in  press,  for 
reviews) ,  it  is  now  possible  to  unobtrusively  monitor  cognitive 
activity  as  well  as  sensory  function.  The  purpose  of  the  studies 
described  here  was  to  determine  the  feasibility  of  utilizing  the 
endogenous  components  of  the  ERP  as  an  objective  measure  of  mental 
function  in  neurological  diseases  which  produce  cognitive  deficits. 


AGE  AMD  ERPS 

In  the  early  stages  of  this  work  it  became  evident  that  age 
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has  significant  effects  on  the  endogenous  components.  Similar 
observations  have  recently  been  made  by  others,  both  with  respect 
to  aging  in  adults  (Brent  et  ul.,  1976;  Ford  ot  al  .  ,  in  press; 

Marsh  and  Thompson,  1972;  i'fefferbaum  et  al.,  in  press)  and  with 
respect  to  development  in  children  (Courchesne,  1977;  Karra  and 
Ivins,  19  7b;  .Shelburne,  1973),  though  age  effects  have  not  been 
systematically  studied  across  the  complete  lifespan. 

In  order  to  evaluate  the  effects  of  age  on  both  the  exogenous 
ind  endogenous  :omponents  of  the  ERP,  forty-seven  normal  subjects 
between  the  ages  of  6  and  7<  years  were  tested  (Goodin  et  al . ,  1978). 
Trains  of  tonal  stimuli  (60  dB  SL)  were  presented  through  earphones. 
Eighty-five  percent  of  the  tones  had  a  frequency  of  1000  Hz,  and 
lit  had  a  frequency  of  2000  Hz;  the  subjects  were  asked  to  count 
the  occurrences  of  the  rare  tones.  ERPs  were  averaged  separately 
for  the  rare  and  frequent  tones  in  each  condition. 

The  ERPs  of  one  subject  are  shown  in  Fig.  1.  All  waveforms 
were  characterized  by  the  exogenous  Nl  and  P2  components  of  the 
auditory  "vertex"  potential.  The  rare  tone  was  also  associated 
with  a  prominent  endogenous  P3  component,  reflecting  the  differen¬ 
tial  cognitive  processing  of  that  tone.  In  Fig.  2  the  rare  tone 
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Fig.  1.  ERP  waveforms  for  one  subject  (Cz-linked  mastoids)  for 
the  rare  and  frequent  tones. 
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adult.-;  (I1.-  to  JO  years)  was  approximately  300  msec,  but  it  inct cas¬ 
ed  to  400  msec  or  more  by  t  )u>  seventh  decade.  The  effects  of  age 
on  the  latencies.  ot  .ill  component:;  are  shown  in  Flo.  j.  Signifi¬ 
cant  increases  m  latency  with  increasing  age  were  also  found  for 
the  SJ  Ip  .001)  and  i’J  (p  .001)  components  of  the  FKP,  though 
the  magnitude  the  age  telated  latency  inciease  diminished  foi 
sue  e-.sively  eat  1  lei  components.  The  N1  component ,  in  fact  ,  showed 
only  a  nonsigm f leant  trend  towaid  longei  latencies  with  increasing 
age. 


y’ulte  a  different  picture  of  the  effects  of  age  on  t  lie  latcn- 
ies  of  FRF  -omponents  emerged  for  the  subjects  between  the  ages  of 
i>  and  1 S  ye.  rs  (also  shown  in  Fig.  1).  The  latency  of  the  F3  com¬ 
ponent  decreased  markedly  with  age  in  .001),  as.  did  the  latency 
ot  the  N.'  component  (p  .  Oh).  The  combined  result  of  the  develop¬ 
mental  and  aging  effects  on  these  components  was  that  the  minimum 
NJ  and  !  i  latencies,  were  recorded  f  i  om  subiects  in  tlieir  mid-  to 
late  teens.  developmental  changes  m  the  N1  and  FJ  latencies  were 
not  significant,  though  such  effects  cannot  be  ruled  out  because 
of  the  small  numbei  ot  young  subjects  in  the  study. 

Tile  increases  in  the  NJ  and  F3  latencies  with  increasing  age 
m  adults  wvre  paralleled  by  a  significant  (p  .01)  decrease  in 
the  peak- to-pcak  NJ-P  )  amplitude.  There  was  also  a  significant 
decrease  <p  .05)  in  the  NI-P2  amplitude  with  age  in  adults. 

In  summary,  age  change  was  found  to  have  significant  effects 
on  the  latencies  and  amplitudes  of  the  various  FRF  components.  The 
most  Jt.wuiTic  change  ;  were  in  the  latencies  of  the  endogenous  NJ 
and  F  3  components.  During  childhood  the  latencies  of  the  NJ  and 
F3  components  decreased  markedly  (at  a  rate  of  1J.3  and  IS. 4  msec 
year,  respectively).  This  result  is  consistent  with  those  reported 
by  Courchcsnc  (1977)  and  Shelburne  (la'3).  The  latency  decreases 
for  NJ  and  PS  during  childhood  were  followed  by  gradual  increases 
in  NJ  and  1‘3  latencies  with  increasing  age  (at  a  rate  of  0.79  and 
1  .  >’4  msec/year,  respectively).  This  effect  of  aging  is  also  con¬ 
sistent  with  the  results  of  other  studies  (Brent  et  al.,  1976;  Ford 
et  al.,  in  press,  this  volume;  Marsh  and  Thompson,  1"7J).  The  par¬ 
ticular  value  of  this  study,  however,  is  that  a  common  procedure 
was  used  to  test  subjects  of  all  ages  so  that  the  biphasic  nature 
of  the  age  related  latency  changes  were  clearly  evident. 

Numerous  alterations  in  the  central  nervous  system  at  the 
tissue  level  and  subcellulat  level  occui  over  the  lifespan  which 
might  account  for  these  changes  in  the  latency  of  neural  events 
(see  Terry  and  dershon,  1976,  and  Ordy  and  Btizzee,  1975,  for 
reviews).  Unfortunately  a  correlation  between  effects  on  scalp 
recorded  events  and  changes  at  the  cellular  level  or  even  in  the 
cortical  mantle  is  a  step  which  cannot  be  made.  It  is,  however, 
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Table  2.  Diagnoses  and  mental-status 
non-demonted  pat ients. 

examinat 

ion  scores 

of  the 

Numbei 

MMS 

AP3  (u ) 

Multiple  Sole ros i s 

5 

j".  D 

+  0.  39 

Dept  ess ion 

5 

28.6 

-0.  30 

Cerebrovascu 1 ar  Disease 

3 

28.7 

-0.26 

Parkinson's  Disease 

4 

29. 5 

+  0. 76 

Schizophrenia 

3 

27. 5** 

+  0.  50 

Hydrocephalus 

i 

29.0 

-0.9  3 

Porencepha 1 i c  Cyst 

i 

30. 0 

+  0.  8  1 

Mi  seel laneous* 

g 

29.4 

4-  0 . 0  3  *  *  * 

Mean 

ti 

28.8 

to.  14 

Diabetic  neuropathy,  casalgia,  bilateral  subdural  hematoma, 
diffuse  cortical  atrophy,  anosmia  with  left  arm  weakness, 
gait  apraxia,  vertigo,  Huntington’s  Chorea. 


**  One  patient  could  not  be  tested  and  is  not  included  in  the 
calculat ions . 

***  One  patient  could  not  be  assigned  a  p.t  latency  and  is  not 
included  in  the  calculations. 


operational  point  of  view  the  task  appeared  to  have  the  desired 
effect.  Namely,  it  induced  t  lie  patients  to  attend  to  the  auditory 
stimuli  and  elicited  differential  processing  of  the  rare  and  fre¬ 
quent  tones  (as  indicated  by  the  presence  of  P3  components). 

The  PI  latencies  of  all  of  the  patients  are  shown  in  Pig.  4. 
The  data  for  the  normal  subjects  (greater  than  an e  Ih)  tested  pre¬ 
viously  are  represented  by  regression  lines  and  lines  indicat inq 
one  and  two  standard  deviations  from  normal  which  are  superimposed 
on  the  data  for  the  demented  patients  (top)  and  non-demon ted  pa¬ 
tients  (bottom  panel). 


t.  ♦ 


ERP  IN  DEVELOPMENT,  AGING  AND  DEMENTIA 


It  should  be  noted  that  of  the  fifty-nine  patients  tested, 
reliable  measure  of  the  V  1  latency  was  impossible  for  only  tbrei 
patients:  two  demented  patients  and  one  non-demented  patient,  i 
of  the  demented  patients  would  not  remain  still  during  the  test, 
consequently  the  waveforms  were  contaminated  by  muscle  artifact, 
loi  the  other  two  patients,  the  ERP  waveform  consisted  of  the  N1 


Pig.  T .  Latency  of  the  P3  component  as  a  function  of  age  for  de¬ 
mented  patients  (top)  and  non-demented  patients  (bottom). 
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■uul  1'  potentials  followed  by  a  broad  posit  ivity  between  100  ami 
500  msee  without  any  eleai  peak. 

The  distt  i  but  ion  of  I' 1  latencies  foi  the  lion-demented  pat  tents 
and  the  normal  subjects  were  essentially  identical.  For  the 
demented  patients,  however,  the  F  1  latencies  wete  uniformly  lonq 
relat  i  vo  to  normal.  rite  average  r  1  latency  tot  the  demented  pa¬ 
tients  exceeded  tile'  latency  derived  from  the  normal  regression  line 
by  standatd  deviation  units.  Of  the  thirty  demented  pat  ients 

with  definable  1' 1  components,  twenty-live  (oi  Sit)  had  1' 1  laten- 
,  ies  that  exceeded  the  norm  by  .'  oi  mote  standard  dev i at  ions.  This 
occulted  only  once  umoiu]  the  non-dement  ed  pat  units,  which  would  be 
expected  on  statistical  grounds.  The  mean  P  1  latency  deviations 
t  i  cm  norma  l  foi  the  vai  ions  subuieups  of  pat  ients-  ale  presented  in 
Tables  1  and  II. 

The  amplitude  of  the  1' 1  component  for  the  demented  patients 
was  a  1  so  found  t.o  be  significantly  (p  .05)  smullei  than  normal. 
t'!ie  mean  difference,  however,  lelative  to  the  normal  vat  lability 
ot  the  I'  1  amplitude,  was  small  compared  to  that  for  the  P t  latency. 

The  patients  tested  in  this  study  were  pre-screened  only  to 
the  extent  of  eliminating  those  who  were  sufficiently  uncooperative 
to  submit  to  testing  or  had  gross  involuntary  movements  which  might 
have  interfered  with  the  recordings.  Thus  the  composition  ot  pa¬ 
tients  in  the  various  diagnostic  groups,  and  the  results  for  each, 
can  be  considered  representative  ot  the  population  that  might  be 
encountered.  In  that  respect,  there  is  a  remarkable  consistency 
among  the  results  foi  the  demented  patients,  regardless  of  etiology 
Apparently  a  slowing  ot  cognitive  function  is  a  consistent  effect 
of  most  of  the  dementing  processes  studied  here.  On  the  other  hand 
in  cases  where  there  wete  apparent  ,  but  not  actual,  del et  iorat  i ons 
m  mental  function  due  to  psychiatric  disorders  (such  as  depression 
or  schizophrenia  oi  motor  disorders  such  as  Parkinson's  disease), 
there  was  no  chance  in  the  latency  of  the  Pi  component  (see  Table 
11).  On  the  basis  ot  this  sample  of  patients,  a  reasonable  criter¬ 
ion  for  elect tophys iolog ical ly  defining  dementia  might  be  a  Pi  1 a- 
t  etu-y  .’  standatd  deviations  greater  than  normal.  With  such  a 
criterion,  approximately  tUH  of  the  demented  patients  wou Id  be 
correctly  classified  with  an  expected  false  alarm  rate  of  about 
5%. 


We  have  a  1  so  followed  a  few  pat  ients  ovei  suft  icient  pel  iods 
of  t  into  to  observe  correlat  ions  between  changes  in  mental  funet  ion 
and  Pi  latency.  One  patient,  for  instance,  has  shown  a  marked  im¬ 
provement  in  mental  status  ovei  the  period  of  a  yeat  following  a 
successful  surgical  procedure  for  hydrocephalus,  with  a  cot  respond¬ 
ing  shift  in  the  Pi  latency  from  late  t o  within  the  normal  tango. 
There  have  likewise  been  instances  of  a  decline  m  mental  function 
associated  with  an  increase  in  P  1  latency,  ot  oven  the  disappear- 
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aneo  nt  t  ho  component  . 

There  lom.iiu  .1  numl'oi  o  t  quest  ions  i  o.in  1  d  i  nq  t  ho  i  ivc  ji.it  touts 
in  this  study  who  wo to  clinically  demented  but  who  toll  within  the  j 

norm.il  ramie  accord  inn  to  the  mousuie  of  pi  l.itonoy.  No  consistent  ; 

jut  torn  of  ot  iol.i.iy  ot  t.'st  scores  was  found  th.it  oould  cat  euot  i  .to 
thoso  jiationts.  This  lack  ot  o.'i  t  espondonoo  botwoon  t  ho  tost  sooi  o 
and  t  ho  e lee t t ophy s 10  Ion ica 1  measure  firobably  i  of  loots  a  wo.it.nos-. 
in  t  ho  hi  iot  I'tooodut  o  tot  tost  iim  niontal  status  which  iniulit  ho 
oliminutod  by  a  moio  oiimpt  olionsi  vo  montal  status  tost  .  Clearly 
all  aspects  ot  montal  tunotion  oantiot  ho  oovorod  by  a  thirty-point 
tost  .  Thi'.  was  .jui  t  o  ovidont  in  t  ho  oaso  ot  t  ho  no. illy  pure  ainnos- 

tio  ..ytidi  onto  found  in  t  ho  ono  pat  ion!  who  had  expoi  ionoo.l  an  epi-  [ 

ode  ot  hoijHs  simplex  encephalitis.  This  pationt  taao  <11  had  a 
notmal  l.itonoy  PE  component ,  as  shown  in  Piq.  •!  and  Tablo  1.  y'uito 
siiinit  loant  ly,  tin-,  pationt  also  had  no  diffioultios  with  t  ho  juo 
oossina  .d  intoimat  ion  as  lonu  as  a  memory  eamponont  was.  not  i  n- 
volvod.  In  such  a  oaso  a  spood  measure  ot  ooqnit  ivo  .lot  ivity  suoh 

as  I't  l.itonoy  uppaiotitly  .loos  not  reveal  t  ho  jiationt's  dotioit  in  j 

moil t a  1  t  unot  i on . 

It  should  ho  i  ooo.ui  i  ood  that  t  ho  d  i  st  i  not  ions  ma.lo  hoto,  at 
loast  toi  individual  pat  ionts,  wore  not  j'ossihlo  basod  upon  analy¬ 
sis  ot  t  ho  cxooenous  component s  ot  the  I'KP.  Thoi  o  won-  no  differ- 
onoos  m  the  N1  or  IV  aniji  1  i  t  lidos  oi  latencies  amonu  t  ho  .iroups.  In 
many  oasos  ot  doinont  i.i  the  sensory  J'.ithways  .no  relatively  unat- 
footod.  In  any  oaso,  it  seems  most  roasonahlo  to  tost  montal  turn— 
t  ion  with  a  proooduro  that  ohallotiuos  t  ho  jiationt's  montal  oaj’abili 
tios  and,  as  a  result,  olioits  ondouonous  polont  nils. 

Tho  losult  s  ot  those  two  studios  siutuost  a  v.nioty  ot  aj'plicu- 
t  ions  ot  tho  ondo.tonous  PKP  oompononts  to  tho  assessment  ot  montal 
f  unot  ion.  Purinq  ohildhood  there  is  a  suf  t  i  o  i  out  ly  i.ij'id  .loot  oaso 
in  1' l  l.itonoy  that  tolatively  tine  d  i  st  i  not  ions  retard  inn  tho 
course  of  an  individual  child's  .love lojimout  mi.ilit  ho  p.-ssihlo.  Suoh 
a  measure  oould  supplement  tho  standard  j'syohomot  t  i  o  tests  ot  devel¬ 
opment  and  may  bo  part  ieularly  useful  in  difficult  patients  with 
lanquane  or  motor  deficits.  Some  apjil  icat  ions,  ot  sittiil.u  piooodinos 
to  mental  retardation  are  discussed  elsewhere  in  this  volume  IN. 

S.jui  i  os  t't  al  .  1  . 

Tho  procedures  described  hero  are  only  a  fitst  attempt  to  use 
eudo.ienous  potentials  to  evaluate  mental  function  in  a  clinical 
situation.  It  can  reasonably  he  expected  that  more  neatly  optimum 
conditions  mi.ilit  ho  found  that  would  decrease  tho  reliability  and 
sensitivity  of  tho  procedure.  In  addition,  liiuhot  levels  ot  mental 
function  may  he  accessible  lot  tost  inn  it  linuuistic  stimuli,  tut  hoi 
than  simple  tones,  aie  used  since  normal  subjects  .no  able  to  cate- 
ijori/.e  rare  and  frequent  st  iinul  i  on  i  he  basis  ot  thoii  lin.nnst  to 
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attributes,  thus  producing  P3  results  similar  to  those  shown  here 
(Kutas  et  al.,  1977).  it  is  thus  foreseeable  that  a  battery  of 
tests  might  be  developed  around  a  common  basis  of  rare  and  frequent 
events  to  evaluate  successively  higher  cognitive  functions. 

SUMMARY 

The  feasibility  of  using  event  related  potentials  to  provide 
an  objective  means  tin  assessing  normal  and  abnormal  changes  in 
cognitive  function  associated  with  development  and  aging  is  exam¬ 
ined.  Of  the  numerous  waveform  amplitude  and  latency  measures 
obtained,  the  latency  of  the  P3  component  (latency  300-500  msec) 
was  found  to  be  the  most  sensitive  to  variations  in  age.  Ttie 
shortest  P3  latencies  were  found  for  subjects  in  their  late  teens 
with  .1  sharp  decrease  in  latency  between  ages  6  and  15  followed  by 
a  more  gradual  increase  in  latency  with  increasing  age  beyond  age 
15.  For  demented  patients  the  P3  latency  substantially  exceeded 
the  normal  value  for  their  age  in  more  than  80%  of  the  cases.  The 
P3  latency  recorded  from  the  patients  without  dementia,  however, 
did  not  differ  significantly  from  the  normal  values.  The  latencies 
of  the  earlier,  stimulus  related  components  did  not  differentiate 
either  patient  group  from  normal. 
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I'KFU'ITS  IN  THU  MENTALLY  RETARDED 

N.k.  Squirt's,  G.C.  Galbraith  and  G.J.  Aiiu1 
University  of  California  Nouropsychiatric  Institute 
Pomona,  California  'U7bt. 

The  application  of  event  related  potential  (KKP)  techniques 
to  the  mentally  retarded  presents  a  somewhat  different  challenge 
to  the  eleotrophys  ioloq  i:.t  than  does,  the  application  of  ERFs  to 
other  clinical  populations.  In  particular,  while  differential  diag¬ 
nosis  is  of  major  interest  in  the  investigation  of  such  problems 
as.  minimal  brain  damage  (MBD) ,  schizophrenia  and  dementia,  diagnosis 
is  ot  less  importance  in  mental  retardation.  What  is  important  is 
to  differentiate  among  the  different  types  of  information  processing 
deficits  occurring  in  the  retarded  so  that  educational  remediation 
may  he  designed  on  an  individual  basis  to  compensate  for  sensory 
and  intellectual  inadequacies. 

Recent  advances  in  our  understanding  of  the  determinants  of 
the  human  KRP  suggest  that  elect rophysiological  techniques  may  be 
useful  in  untangling  the  web  of  cognitive  and  perceptual  problems 
exhibited  in  the  retarded  population.  The  EKP  consists  of  a  series 
of  components  that  reflect  the  successive  activation  of  different 
neural  generators.  some  of  those  components,  such  as  the  auditory 
far  field  response,  are  primarily  sensitive  to  variations  in  stimu¬ 
lus  parameters  and  have  thus  been  labeled  "exogenous"  components. 
These  components  have  proven  to  bo  well  suited  for  the  assessment  of 
basic  sensory  function  (e.g.  ,  Picton  et  al.  ,  1  '>77 )  and  in  the  identi¬ 
fication  of  localized  brain  lesions  (Sohmer  et  al.,  1  u  7  4  •  starr  and 
Hamilton,  1476;  Sohmer  and  Student,  1478).  othei  components ,  termed 
"endogenous" ,  have  been  shown  to  depend  primarily  on  the  meaning  the 
stimuli  have  for  an  individual  (Tueting,  in  press;  Donchin  et  al . , 
in  press).  Experimental  studies  in  normal  adults  suggest  that  the 
endogenous  components  may  be  useful  in  the  assessment  of  attention, 
memory  and  perception. 
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Tht-  major  advant age  FKp  techniques  have  over  more  traditional 
methods  of  assessing  mental  functions  in  the  retarded  is  twofold. 
First,  since  retarded  individuals  are  likely  to  suffer  from  multi¬ 
ple  deficiencies,  including  problems  of  motor  control,  it  is  diffi¬ 
cult  to  identify  a  behavioral  deficit  with  a  particular  processing 
stage.  Most  ERP  components  are  independent  of  motor  output  variables 
and,  within  certain  broad  limits,  are  also  independent  of  each  other, 
making  it  possible  to  tap  into  single  information  processing  stages. 
Second,  since  problems  with  speech  reception  and  production  are  al¬ 
most  universal  in  the  retarded,  traditional  testing  techniques  which 
rely  heavily  on  verbal  instruction  and  verbal  report  are  unsuitable 
while  ERP  measurement  requires  only  a  minimum  of  verbal  interaction. 

I  it  our  laboratory  we  are  investigating  a  variety  of  FRP  compo¬ 
nents  in  the  severely  and  profoundly  retarded  in  order  to  develop 
a  battery  of  ERP  assessment  techniques  that  may  be  useful  in  evalua¬ 
ting  a  broad  range  of  sensory  and  cognitive  functions  in  the  retard¬ 
ed.  IVo  of  those  experiments  will  be  reported  here. 

EXPERIMENT  I :  BRAIN  STEM  AND  CORTICAL  EKPS  TO 
MONAURAL  AND  BINAURAL  AUDITORY  STIMULATION 

The  first  seven  vertex  positive  waves  of  the  human  auditory 
evoked  response  occur  within  10  msec  following  a  brief  auditory 
stimulus  (Sohmer  and  Foinmesset ,  10C-7;  Jewett  et  al.,  1970;  Jewett 
and  Williston,  1971).  The  evidence  increasingly  supports  the  con¬ 
clusion  that  these  waves  reflect  the  activation  of  successive  brain 
stem  auditory  nuclei  (Jewett,  1970;  Lev  and  sohmer,  1972;  Buchwald 
and  Huang,  1975).  Since  brain  stem  structures  have  been  implicated 
in  retardation  on  both  neuroanatomical  and  neurological  grounds, 
abnormalities  in  these  potentials  in  retarded  individuals  might  bo 
useful  in  localizing  their  problems  to  particular  brain  locations. 

The  current  experiment  sought  to  make  this  comparison  under  condi¬ 
tions  in  which  the  potentials  would  be  likely  to  reflect  a  funda¬ 
mental  aspect  of  auditory  information  processing,  the  integration  of 
binaural  information. 

Interactions  in  the  acoustic  input  from  the  two  ears  have  been 
demonstrated  at  widespread  levels  of  the  brain  stem  auditory  pathway, 
including  the  superior  olive  (e.g. ,  Galambos  et  al. ,  1959)  and  the 
inferior  collicullus  (e.g.,  Erulkar ,  1959).  At  each  level  these 
interactions  may  be  either  excitatory  or  inhibitory.  Recent  evi¬ 
dence  suggests  that  binaural  auditory  experience  early  in  life  is 
essential  for  the  development  of  normal  binaural  processing  in  the 
rat  (Silverman  and  Clopton,  1977;  Clopton  and  Silverman,  1977). 

On  the  basis  of  the  latter  data,  the  retarded  might  be  expected  to 
have  a  higher  incidence  of  acquired  as  well  as  congenital  defects 
of  binaural  processing. 
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TVo  experiments  in  th<  oat  (Jewett  #  1  ' 1 7  0 ;  Huang  ami  Buehwald, 
l'l7sil  h.ivc  reported  indicat  ions  ot  binauial  1  nt  >  i  act  1  oils  m  tiio 
surtave  recorded  pot  cut  lals .  I::  both  oa  .  tin  amplitude  ot  wave  IV 

was  reduced  during  simultaneous  stimulation  ot  Ixath  oars  compared 
to  tlio  algebraic  siunmat  ion  ot  tin-  potentials  to  loft  and  right  oars 
when  stimulated  separately. 


Mot  hod 

seventeen  institutionalised  Mown'  syndrome  individuals  wei  e 
brought  to  tin-  laboratory  tot  oveksd  i  espouse  assessment.  Ooui 
proved  uiKMeiei  at  i  ve ,  and  two  weii  subsequent  lv  deleted  from  the 
study  due  to  probable  left  ’riqht  hearing  asymmet  t ies  (defined  as  a 
wave  V  latenoy  difference  greatei  than  . r'  laser  between  the  two  ears' 
This  left  eleven  subjects  with  usable  data.  The  mean  age  ot  t  tie 
Ivwn’s  syndrome  subjects  was  28  veai  (range  21-38),  and  the  it  mean 
Iy'  was  28  (range  "-('4'. 

'.Vent  y- two  oontiol  subjects  also  part  ic  ipat  ed.  IVo  gave  brain 
ten  recording!;  ot  unacceptable  quality  and  one  was  rejected  on  t  he 
basis  ot  left  'right  hearing  asymmetry.  The  control  group  thus  con- 
•  is  ted  of  nineteen  individuals  drawn  from  IVI.A  students,  hospital 
■daft  and  volunteers.  The  it  mean  age  was  28  (range  16-Sb). 

.'lick:,  (i  .1  msec  duration,  65  dB  Mid  wete  delivered  through 
TPH-.b*  headphones.  Stimulus  repetition  rate  was  1/sec  for  the  cor- 
t  ical  1'Ki’s  and  20  see  for  the  brain  stem  OKI's.  Blocks,  of  128  (col  t  i- 
al)  ot  2 o48  (brain  stem)  stimuli  were  delivered  to  left,  right  oi 
both  ear;.  With  the  exception  of  one  Oewn's  syndrome  individual, 
it  was  possible  t o  complete  two  repetitions  of  each  stimulus  condi¬ 
tion.  "he  00  b  was  recorded  from  a  vertex  electrode  referred  to  the 
lett  mastoid.  The  ground  electrode  was  on  the  forehead.  Inter- 
electrode  resistance  was  generally  below  SK  Oltms.  EEC!  signals,  were 
conditioned  by  bras;;  P511  amplifiers..  Cortical  1Tb  activity  from 
1-100  Mr  (i  dB  down)  was  amplified  with  a  gain  factor  of  50K;  brain 
stem  activity  between  30  and  !  K  Mr  was  amplified  by  200  K.  Curing 
the  recording  the  subjects  reclined  on  a  bed  located  inside  a  sound 
attenuating  room.  .An  attendant  remained  with  hospital  residents  at 
all  time;.  Signals  were  averaged  on  line  by  means  ot  a  Nioolet  1120 
computer.  An  averaging  epoch  of  500  msec  was  used  fot  cortical  re¬ 
cordings.  and  an  epoch  ot  10  msec  for  the  brain  stem  recordings. 

The  main  comparisons  between  the  PKl's  in  the  binaural  condi- 
t  ion  and  the  sum  of  the  'OKI's  in  the  monaural  left  and  monaural  right 
conditions  (1  +  K)  latencies  were  measured  for  the  Nl,  02  and  N2 
components  of  the  cortical  response  and  for  waves  1-VI  ot  the  brain 
stem  response.  Waves  IV  and  V  were  frequently  difficult  to  separate 
so  the  IV-V  "complex"  was  considered  as  one  component.  .Amplitudes 
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weie  obtained  lor  an  I  I'.’-NJ  of  the  cortical  response.  Ampli¬ 

tudes  of  the  brain  stem  responses:  were  measured  from  the  peak  waves 
!,  II  a  III  and  IV-V  to  the  immediately  following  trough,  front  the 
trough  following  wave  III  to  th.  peak  of  IV-V  and  from  the  trough  be¬ 
tween  waves  V  and  'I  to  tin  peak  of  wave  VI  Average  values  for  the 
two  re;  lieatis;  were  analyzed  by  means;  of  a  >1  2  (retarded  vs.  non- 
retarded  X  binaural  vs.  monaural)  repeated  measures  analysis;  of 
varianee  c.imputed  s.e;  .irately  for  each  component  and  independent  t- 
tests. 


Results 

The  waveforms  of  one  normal  subject  are  shown  in  rig.  1  for  the 
short  latency  (si)  and  long  latency  ( B )  potentials.  sis  illustrated 
here,  certain  components,  in  each  latency  region  were  smaller  in 
am; litude  in  the  binaural  than  in  the  summed  monaural  conditions. 
Table  I  compares  the  mean  amplitudes  for  each  peak  in  the  binaural 
and  monaural  conditions  (upward  arrows  code  amplitude  measurements 
from  t  rough  to  peak,  downward  arrows  from  peak  to  trough).  The  brain 
.tern  potentials  showed  a  significant  within-subjects  effect  (K  - 
30.  29,  df  =  1,  JR,  p  .01)  for  the  amplitude  measured  from  the 
trough  following  wave  111  to  the  peak  of  wave  IV-V.  Similar  patterns 
were  observed  for  the  111-)’.’  (R  -  11.39)  and  r2-N2  (F  *13.79)  ampli¬ 

tudes.  In  no  case  was  there  a  significant  group  X  condition  inter¬ 
action.  Hence  the  normal  and  Down's  syndrome  groups  showed  similar 
patterns  of  larger  ERP  amplitudes  for  the  left-plus-right  than  for 
the  binaural  stimulation.  Also  shown  in  Table  I  is  the  percentage 
increase  of  (L  f  k)/B  for  each  ERP  component.  Overall,  cortical 
FRI's  show  larger  increases  than  brain  stem  FKPs. 

Table  It  compares  the  peak  latencies  and  amplitudes  of  the  two 
groups  under  binaural  stimulation.  All  the  brain  stem  potentials 
had  shorter  latencies  in  the  Pown's  syndrome  group  but  the  differ¬ 
ences  were  significant  only  for  waves  II  (p  *-  .05)  and  III  (p  *.  01). 

The  cortical  data,  however,  showed  significantly  longer  N1  latencies 
for  the  Down's  syndrome  group  (p  -  .05).  The  amplitudes  of  the  re¬ 

tarded  subjects,  were  smaller  for  waves  II  (p  •*  .05).  The  amplitudes 
of  the  retarded  subjects,  were  smaller  for  waves  II  (p  >■  .01),  III 
(p  .01)  anil  V  (p  ■  .05). 


Discussion  of  Experiment  I 

The  com;  arison  of  the  groups  under  binaural  stimulation  showed 
that  the  Down's,  syndrome  individuals  had  brain  stem  latencies  for 
waves  I  and  II  that  were  significantly  shorter  than  the  normal  group 
In  addition,  the  Down's  syndrome  subjects  had  significantly  smaller 
brain  stem  amplitudes  for  waves  II,  III  and  IV-V.  These  results  are 
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TABLE  T.  COMPARISON  OE  BINAURAL  AND  LEFT 


PLUS 

RIOHT  AMP 

LITUDES 

(in  PV) 

II 

III 

mi 

tv** 

VI 

fVI 

*  * 

N]-P2  1 

p2-n$‘ 

NORMALS:  B 

.  19 

.12 

.27 

.70 

.83 

.15 

2 . 26 

2.95 

L  I  R 

.  18 

.  12 

.  30 

.91 

.89 

.  22 

3.40 

4.32 

ML  +  R)/B 

(-5) 

(0) 

(HI) 

(+20) 

(  +  7) 

(+47) 

(  +  50) 

(+40) 

DOWN'S:  B 

.17 

.05 

.13 

.62 

.77 

.12 

2 . 38 

3.04 

I.  +  R 

.13 

.05 

.  14 

.72 

.80 

.14 

3.07 

4.49 

ML  +  R)/B 

(-24) 

(0) 

(+8) 

(  +  10) 

(*4) 

(  +  17) 

(+54) 

(+48) 

TABLE  II.  COMPARISON  OF  BINAURAL  ERPs  FOR  NORMAL  (N  19) 
AN1>  DOWN'S  SYNDROME  (N  11)  SUBJECTS. 

A.  LATENCY  (in  msec) 


i  n* 

III** 

V 

VI 

N]  * 

P2  N_, 

NORMALS 

1.77  2.93 

3.90 

5.80 

7.50 

87.0 

151.0  248.9 

DOWN ' S 

1 .07  2.79 

3.09 

5.69 

7.30 

101.4 

101.4  250.9 

AMPLITUDE 

(in  pV) 

*  * 

14  T  1 4 

★  ★ 

III!  IV* 

VI  IVI 

n1-p2 

P2-M2 

NORMALS 

.19  .12 

.27 

.70 

.83  .15 

2.20 

2.95 

DOWN'S 

.17  .05 

.13 

.02 

.77  .12 

2.38 

3 . 04 

*  p<  .05 


**p<  .01 
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N  t 


o  >oo  too  joo  «oo  *v 

mi**. 

I’’ i d •  l-  Auditory  evokod  tor.ponsi'  ot  ono  normal  -.ubioot  to  binaural 
(dashod  lino)  and  1.  ♦  K  monaural  (solid  lino)  stimuli.  A.  short 
latency  brain  stoin  KR1\  H.  hong  latonoy  KKp. 


similar  to  findings  report  ed  previously  in  our  laboratory  (dalbraith 
*'t  al.,  in  press),  although  in  the  present  study  siunit  leant  etleets 
weft'  t  ound  for  fewer  waves. 

The  eortieal  Kill's  showed  a  sign i f i rant ly  longei  N1  lateney  in 
the  [town's  syndrome  group  but  no  difterenees  in  amplitude.  Several 
studies  have  previously  reported  longer  evoked  response  lat  ein'ies  in 
I'own’s  syndrome  individuals  (lUgum  et  al.,  l‘>70;  Maveus,  070;  e.\id- 
don  et  al.,  I'i7!>).  However,  studies  v't  I'v'wn's  syndrome  subieets  a  1  s. 
t  ypieal  ly  report  significantly  larger  amplitudes  as  well  (Harnet  ativi 
U'tivji-,  l'>t>7;  Higum  et  al.,  l'>70)  tM  iddon  et  al.  (1"7M  showevl  that 
large  evv'kevl  response  amp  1  i  t  udes  in  IX'wn’s  syndrome  individuals  oeeu 
primarily  at  highot  stimulus  intensity  levels  (m  the  visual  syst  etn 
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at  loast  )  .  The'  lack  ot  an  amplitude'  iHttcMonti.il  in  t  ho  rum’nt 
results  mujht  rotlov't  t  ho  di  f*  t  cm  «nc*e  in  stimulus  mcvl.il  it  y  oi  t  ho 
l.iok  ot  .in  optimal  stimulus  intonsity.  In  v  i  ow  ot  the'  »jii'wino  1  it  « '  t 
.it  uro  i  >i  i  the'  I'ttov-ts  ot  at  tout  ion  on  t  ho  amplitude'  ot  t  ho  \vt  I  ox 
potential  (Hillyaid  and  Piet  on,  1**78),  it  is  also  possible'  that  pic' 
vious  l  opoi  t  s  rot  loot  differential  attention  between  the'  two  uioups 
as  a  tunotion  ot  stimulus  intonsity.  Such  effects  ate  les  -  likely 
in  the'  auditory  system  since'  petiphcrul  adjustment  of  the'  mmisoi  y 
mechanisms  is  not  a  taotoi.  Pompai isons  ot  t  he'se'  late'  potential 
aie'  proKibly  Ivst  made'  unde'i  condit  ions  whn  <'  i  nde'pe'nde'nt  intoim.it  ion 
is  available'  on  the'  subject's  psycho  Rxj  i  oa  l  state'  (Sutton,  Ph'")  . 

While'  binaui.il  i  nt  e'i  act  i  ons  micjht  have  be'e'n  e'xpe'ct  e'd  at  the' 
le'Ve'l  ot  the'  Slipct'iot  olive'  (wave'  111)  Oil  the'  basis  Ot  the'  lie'll  t  o- 
phys  i  *'loej  i  oa  l  lit  e'i  at  lire'  #  the'  le'stiiction  ot  those'  edlests  1 1'  wave' 
IV-V  in  lot  n  e.j  roups  ot  adults  stud  ic'd  ht'i  r  is  oonsiste'nt  with  pie' 
vious  invest  iont  ions  ot  the'  sutt.ioe'  potentials  in  cats  (,ie>we't  t  , 

P*70;  Huatuj  and  Huchwald,  P‘/H). 

The'  cort  ical  data  showed  a  s icjn i  t  i cant  binanial  oevlusiw  ct 
te'et  t  oi  N't  h  amplitude'  me’.isui  e's  (Nl-lV  and  K.'-N.’).  Howe'Ve'i  ,  the' 
size  Ot  the'  e'tte'v't  (itl  terms  ot  the'  l  ♦  K  b  l.ltio)  was  laivJeM  in  the' 
cortical  Kid's  than  in  the'  brain  ste'm.  It  thus  appeal?;  that  the' 
binaural  occlusion  i  nci  e'.ise's  from  the'  leve'l  ot  the'  infenioi  r.'l  1  i 
v*u  1 1  us  (tin'  probable'  efcucratot  v't  wave'  V)  t  «'  the'  cc>v1ex.  The  ampl  i 
tudos  ot  wave'  VI  .lie'  in  line'  with  this  t  i  e'liel  (Table'  1)  although  the' 
d  i  f  t  e'lonce'  N't  ween  c'onditie'ns  was  not  significant  at  this  le'Ve'l. 

Pe'spite'  the'  t  undament  a  1  d  i  t  t  eM  e'nce's  in  the'  latency  and  ampl  i 
tilde'  chai  act  e'i' i  St  ie's  Ot  the'  1’KV  V  be't  We'e'll  tile'  IV'Wll's  sy  tld  1  e  Mile '  and 
normal  <jrcuips  at  all  levc'ls,  the'  PKP  ie't  le'ct  ions  ot  binaural  pi*' 
CC'SsilKl  We'  l  e'  lie  'a  l  ly  ide'llt  ie-.ll  t  Ol  tile'  t  WO  ejl  c'UpS  .  To  tile'  e'\te'11< 
that  the'  proCe'SSe's  l  e't  l  e'c't  e'd  lie'  1  e '  .lie'  involve'd  in  biiiaui.il  analy-e's 
sin'll  as  lateralization  ami  leva  1  i /at  i  on  ,  the'  data  sinnie-t  that  t  ho  « 
aspe'e't  s  eM  information  proce'ssitiei  are'  esscMit  i.il  ly  in'imal  in  the' 

Powti' s  syndrome'  individuals.  This  e'oin'  l  us  i  on  would  be'  oonsi?dent 
with  i  event  lvlniviecr.il  assessment  s  e't  l  oca  1  i  rat  i  on  in  the'  i  e't  aides! 
(Heffner,  l"77). 


KXPKKtMKNT  11:  VISUAL  PUTS 
ANP  PPKCTPTPAb  ANP  P1VISION  PKi  VKSSKS 

As  i 'lie'  proc'e'e'ds  t  e'  success  i  Ve'  l  y  loilepM  latency  CeMllpOlient  •.  ,  the' 
elc'pe'nde'UCe'  c  'll  stimulus  pal  aille't  e'rs  is  re'dlle'e'd.  Thus  while'  the'  aildi 
t  e'ry  tai  tie'ld  i  e  'spe  'use's  aie'  entirely  stimulus  l Wind  ,  the'  Nl  V.' 
component  of  the'  vertex  indent  ial  is  at  f  e'c't  e'd  Net  h  by  st  imiilus  am! 
e  *e  Ctfll  it  i  Ve '  Variables,  and  tile'  e'lleloeje'in'lis  e'e'mpc'lle'llt  S  N.'  ami  1'  t  ale' 
almost  completely  de'pendent  e'n  t  lie'  subievt's  psye'hol  enj  i  e*a  1  le'.vt  ion 
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to  the  stimuli.  This  experiment  sought  to  tlelc'rmine  whet  tun  % .cpa- 
rate  contributions  of  perceptual  ami  coqnit ive  1  actors  to  t he’  visual 
KKP  would  differentiate  Ix'twoon  re'tarde'd  and  normal  adults. 

Typically  the  endogenous  components  arc'  edicited  in  tasks  that 
require  the  subject  t o  count  or  otherwise  keep  track  of  certain 
stimulus  events.  Under  these  conditions  unexpected  events  reliably 
evoked  endogenous  N.'  and  1M  components  in  addition  to  the  exogenous 
components  evoked  by  all  stimuli.  While'  procedures  such  as  the  count 
ing  task  are  simple  and  effective  with  normal  subjects,  they  must  be 
modified  to  be  within  the  capabilities  of  out  target  population. 

The  procedure'  we  have  adopted  doe:;  not  teguiie  that  the  subject  make 
difficult  decisions;  about  the*  stimuli,  or  even  t  o  discriminate  the 
different  events,  and  is  suitable  foi  all  but  the  very  lowest  func- 
t ion ing  individuals . 


Met  hod 

Three  visual  stimuli  occurred  in  random  order  in  each  block 
of  trials.  One  was  presented  frequent  ly  (p  .00)  and  the  ot hei  t  wo 
wert'  presented  rarely  (p  .10).  One  of  the  rare'  stimuli  was  a  i  ed 
circle  on  a  white  background  and  was  designated  as  the  target.  The 
retarded  subjects  were  taught  t o  associate  the  target  stimulus  with 
a  token  reward  by  requiring  t hem  to  say  "token”  to  each  oecuri once 
of  the'  target  if  they  were'  verbal  ot  to  point  to  the'  st  imulus  it 
they  we're'  not.  ff  no  r«?sponse  was  made*  the*  subject  was  prompted. 
Tokens  we're'  ejiven  t  ot  correct  response'  an«l  were  exe'hangod  latct  lot 
food  or  other  rewards.  Nonre't  ardeel  snbjei’ts  tinted  in  the  same 
proct'elure  pressed  a  button  in  response'  t  o  the  t  arge't  st  imulus.  The 
purpose'  ot  the  ve'rbal  ot  nonv<'tbal  re'sponse'  to  the  target  was  to 
ke't'p  the  subje'et  *  s  attention  on  the'  visual  display. 

The'  nontarget  stimuli,  which  did  not  require  a  re'sponse,  pro¬ 
vided  the'  major  e'Xpet  iment  a  1  data  since  the  bid's  to  those  st  itniili 
wote'  f  re'e  from  cont  ami  nat  i  on  due'  to  motoi  response's.  (Since'  no 
emphasis  was  placed  on  speed  ot  response  and  most  i espouses  to  the 
targets  occur  tvd  beyond  the'  one'-se'cond  averaging  epoe'h,  the'  t  arge't 
PKPs  we' I  e'  also  re'lat  ively  1  le'e  ot  art  i  fae't  .)  The  1  re'que'nt  st  imulus 
was  always  a  dim  flash  (l  Ktl.).  In  separate'  blocks  the  rate  nont  at  - 
ge't  stimulus  was  c'  i  t  he' t  a  small  .increase'  itt  stimulus  inte'ttsity  (11 
Pt  l.,  the'  "small  increme'nt"  conelition)  or  a  large'  incre'asc'  itt  inte'ii- 
sity  ( l  l  e  ^  pt  1.,  the'  "large?  i  net  e'ment  "  condit  ion).  All  nont  arge't 
stimuli  we're  200  mse'e*  itt  duration.  The'  target  stimuli  regained  on 
the'  screen  until  .t  re'sponse'  was  made'.  Stimuli  were'  pt  e'sent  e'd  via 
a  Kodak  Carousel  proje'etor  at  the'  rate'  of  one'  pet  se'cond  in  blocks 
of  00  stimuli.  Halt  of  the'  subjects  were'  gives;  the'  large'  i  net  e'ment 
conelition  first  ,  and  the'  othe'i  halt  we're'  givest  the  small  i  ttet  e'ttte'ttt 
eonelition.  Kach  condition  containeel  three'  block:;  ol  stimuli. 
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Thirty  retarded  subjects  of  mixed  diagnosis  and  thirteen  normal 
subjects  participated  in  the  experiment.  The  aqes  of  the  retarded 
subjects  ranqed  from  13  to  53  (mean  *=  26)  ,  and  their  IQs  from  6  to 
69  (moan  =  35) .  The  aqes  of  the  normal  subjects  ranqed  from  19  to 
55  (mean  =  25).  The  normal  subjects  were  non-paid  UCLA  students  and 
staff  volunteers.  The  data  of  one  retarded  and  one  normal  subject 
were  excluded  due  to  equipment  malfunctions. 

Electrodes  were  placed  at  FZ,  Cz  and  Pz  referred  to  the  right 
mastoid.  The  left  mastoid  was  used  as  ground,  and  the  EOG  was 
measured  from  above  the  right  eye  to  the  outer  canthus.  All  trials 
with  large  eye  movements  were  excluded  from  the  average.  The  data 
of  one  retarded  subject  were  excluded  due  to  excessive  eye  movement. 
During  testing  the  retarded  subject's  behavior  was  monitored,  and 
data  from  periods  of  inattention  or  excessive  movement  were  rejected. 
E'oV  most  subjects  such  periods  were  rare.  The  EEC,  was  amplified 
with  Grass  P511  amplifiers  (.1-100  Hz),  digitized  and  stored  on  mag¬ 
netic  tape  for  off  line  averaging  and  analysis. 

Re  suits 

E’ig.  2  shows  the  ERPs  to  the  rare  and  frequent  nontarget  stimu¬ 
li  for  three  retarded  and  three  normal  subjects  in  the  large  incre¬ 
ment  condition.  For  both  the  retarded  and  normal  subjects  the  ERPs 
to  the  frequent  stimuli  (solid  lines)  consist  of  the  N1  and  P2  com¬ 
ponents  while  the  ERPs  to  the  rare  stimuli  (dashed  lines)  also  con¬ 
tain  tlie  endogenous  N2  and  P3  components. 

As  would  lie  expected  of  the  exogenous  components,  N1-P2,  ampli¬ 
tude  increased  as  a  function  of  increasing  intensity  of  the  three 
nontarget  stimuli  (F  =  52.7,  df  =  2,76,  p  ■-  .01;  Fig.  3).  There 
was  no  significant  difference  in  the  N1-P2  amplitudes  of  the  retard¬ 
ed  and  normal  subjects  and  no  significant  interaction  with  stimulus 
intensity. 

For  the  N2-P3  component  there  was  no  main  effect  on  amplitude 
of  the  type  of  rare  stimulus  (large  increment  flashes,  small  incre¬ 
ment  flashes  and  targets);  however,  N2-P3  amplitudes  were  smaller 
in  the  retarded  (mean  =  13.9  11V)  than  in  the  normals  (mean  =  20.4 
liV;  F  =  11.57,  df  =  1,30,  p  <  .01).  There  was  also  a  significant 
interaction  between  stimulus  and  group  effects  (F  =  7.0,  df  =  2,76, 

P  •  .01);  the  N2-P3  amplitude  difference  between  groups  was  greater 
for  ttie  target  stimuli  than  for  either  of  the  other  rare  stimuli. 

Fig.  4  shows  the  mean  latencies  of  the  components  averaged 
across  the  three  types  of  rare  stimuli.  While  N1  latency  did  not 
differ  between  the  normal  and  retarded  subjects  (F  =  .1,  df  =  1,38), 
significant  latency  differences  were  found  for  P2 ,  N2  and  p3  (F  = 
14.86,  22.65  and  10.53,  resjiectively ,  df  =  1,38  and  p  >.  .01  in  each 
case) . 
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Kig.  2.  Visual  evoked  responses  of  three  retarded  and  three  normal 
subjects  in  the  large  increment  condition. 


Although  N1  was  of  normal  altency  for  the  retarded  group  as 
a  whole,  one  subset  from  the  retarded  group  did  have  prolonged  Nl 
latencies.  Eight  of  the  retarded  were  reported  by  the  direct  care 
staff  as  having  visual  difficulties.  Significantly  more  of  these 
individuals  had  Nl  latencies  that  were  greater  than  one  standard 
deviation  above  the  mean  for  ttie  normal  subjects  <x'  r> .  o  ,  p  - 
.01).  Similar  analyses  of  the  effect  of  visual  deficits  on  the 
latencies  of  the  later  peaks  showed  no  significant  differences. 

The  mean  latency  of  the  PI  to  the  nontarget  rare  stimuli  de¬ 
creased  by  about  40  msec  from  the  small  increment  condition  to  t  lie 
large  increment  condition  for  both  the  retarded  and  the  normal  sub- 
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INTENSITY  ( Ft  L) 

Fig.  3.  Nl-p2  amplitude  as  a  function  of  the  intensity  of  the  non¬ 
target  stimuli. 


jects,  and  P3  latency  was  about  50  msec  longer  in  the  retarded  than 
in  the  normals  in  each  condition  (Pig.  5) .  The  P3  latency  of  the 
retarded  to  the  large  increment  was  thus  about  the  same  as  the  P3 
latency  of  the  normals  to  the  small  increment.  There  were  no 
significant  differences  between  normal  and  retarded  in  the  scalp 
amplitude  distribution  of  the  P3s  to  any  of  the  rare  stimuli.  The 
mean  amplitudes  across  all  rare  stimuli  were  12.6,  13.9  and  12.8 
ViV  at  Fz,  Cz  and  Pz  for  the  retarded  and  16.9,  20.4  and  16.1  iiV 
for  the  normal  subjects. 


Discussion  of  Experiment  II 

The  main  difference  in  the  visual  ERPs  of  the  retarded  and 
nonretarded  subjects  was  in  the  endogenous  components  evoked  by  the 
rare  events.  These  components  were  of  longer  latency  and  smaller 
amplitude  in  the  retarded  than  in  the  normal  subjects.  Since  P3 
latency  primarily  indexes  the  speed  of  a  perceptual  decision  (Ritter 
et  al. ,  1972;  Ford  et  al. ,  1976;  Squires  et  al.,  1972,  Kutas  et  al. , 
1977)  the  latency  data  suggest  that  the  information  processing  of 
the  retarded  is  characterized  by  slower  perceptual  recognition  and 
decision  processes.  Since  P3  amplitude  is  influenced  by  a  subject's 
expectancies  and  by  his/her  memory  for  events  in  the  prior  sequence 
of  events  (Squires  et  al. ,  1976)  ,  the  smaller  than  normal  P3  ampli¬ 
tudes  of  the  retarded  subjects  may  be  the  result  of  deficiences  in 
expectancy  formation  or  in  memory  processes,  both  of  which  have  been 
implicated  in  behavioral  studies  of  retardation  (Kirby  et  al. ,  1977) 
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l-'ig.  -I.  Peak  latencies  ot  tilt'  major  ER1*  component s  averaged  across' 
the  three  rare  s;t  iniul  i  . 


Tin'  FRP  differences,  shown  here  between  the  retarded  ami  the 
normal  subjects  cannot  be  readily  attributed  to  differences  in 
ssensory  acuity  since  the  latency  and  amplitude  ot  t  lie  exogenous 
N1  component  .lid  not  differ  between  the  two  groups.  The  usie  ot 
Nl  latency  as  a  measure  ot  sensory  magnitude  is;  supported  by  t  he 
delayed  Nls  found  for  those  retarded  subjects  with  reported  visual 
problems;.  That  Nl  could  bo  delayed  in  these  individuals;  without  a 
concomitant  slowing  of  decision  processes,  indexed  by  Pi  latency, 
is  consistent  with  the  data  ot  Squires  ot  al.  (this  volume)  who  found 
that  in  normal  subjects  decreasing  the  intensity  of  auditory  stimu¬ 
li  produced  a  delayed  Nl  but  had  no  effect  on  V’ t  until  both  t  lie 
rare  and  frequent  stimuli  wets'  within  15  dB  ot  threshold.  Apparent¬ 
ly  Pi  latency  is  determined  by  the  perceptual  roeoqnition  of  stimu¬ 
lus  differences  rather  than  by  absolute  stimulus  intensity. 


As  a  whole  these  data  suqqest  that  t  hi'  visual  information  pro¬ 
cessing  of  the  retarded  is  characterized  primarily  by  deficits  in 
the  higher  cognitive  functions  reflected  in  the  endogenous  poten¬ 
tials.  This  pattern  of  normal  exogenous  potentials  and  abnormal 
endogenous  potentials  is  typical  of  populations  with  dimini  sited  men¬ 
tal  functions  such  as  the  demented  and  t he  aged  (Squires  et  al., 
this  volume;  Goodin  et  al.,  in  press)  as  well  as  the  deve] oj 'ment¬ 
ally  immature  (Squires  et  al.  ,  this  volume;  Goodin,  l')7B)  and  the 
hyperkinetic  (Prichep  et  al.,  l'17b)  .  To  determine  whether  or  not 
the  FKP  abnormalities  of  these  groups  actually  reflect  t  ho  same 
functional  deficiences,  more  detailed  experiments  need  to  be  per¬ 
formed  to  parcel  out  the  contributions  ot  short-  and  long-term 
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Vi.j.  |*  i  latonoy  as  ■>  tun. -t  ion  ot  t  ho  intonsity  >1  i  I  t  ot  ottoo  lvtw 

tin'  ami  i  t  o.iuont  stimuli. 


ntomory  ,  porooptual  ait.l  othoi  ooutti  t  ivo  Ui'tors.  Many  I'Ul'  toohniqu 
tor  making  ■  uoh  .1  i  st  inot  ion:,  havr  alnn.lv  boon  .lovolopo.l  in  runout 
with  normal  a. lull  imh.loot  ami  tin-  t  iol.i  is  making  oont  unions  pto- 
«|t  I'.-is  in  this  tli  root  ion  (I'onuhin  ot  al.,  in  [noils'. 


tVNt'l.bSU'N 


It  is  itiot  van  in.jly  ovi.lont  that  a  hl.th  .lo.truu  ot  analyt  uni 
s|vo  i  t  iu  i  t  y  oau  bo  obtuino.l  t  i  oni  uitmponotit  s  ot  tin-  I'Ur.  Thus  t  ho 
suquunou  ot  pot  out  in  1  s  oootin  itui  within  10  msoo  tollowuui  a  hriut 
au.litoty  stimulus  rollout  <.|  it  i  t  *»  spouitiu  prouussos  within  t  ho  uu.ii 
toty  tolav  nvu'loi  an.l  pathways  o  t  t  ho  h  am  stout.  Suuh  pot  out  ials 
rot  loot  only  stimulus  uhut uut or ist t us  an.l  at  o  not  altoro.t  by  at  ton 
tioti,  .loop,  oto.  M  tin-  othor  oxt romp  t  ho  Iona  latonoy  [-otontial 
aio  known  to  rot  loot  hot  It  omlo-ionous  an.l  oxixionotis  laotois  but  mot 
aotu-tally  at  a  hi.ihut  (i.i-.,  oottioall  lovol.  Not  surpr  isin.)  ly  ,  t 
ulat  itii.it  ion  ot  t  lioso  otnioaonous  proport  ios  otton  toquttos  spouia 
oxpot  um-ntal  pata.liams. 

Niuit  oanat  om  i  oa  l  an.l  nuurop.it  ho  l  o.t  iua  l  stvnlios  unlioato  that 
montully  totat.lo.l  in.li  v  i.Hta  Is  suttur  ttom  .list  ut  balt.'os  in  noma! 
ot.iani.’at  ion  thiointliout  t  ho  oxt  out  ot  t  ho  btaiti,  t  t  om  brain  stom 
to  ooitox.  Wo  sonuht  ,  t  hot  ot  ot  o ,  to  utili.-o  t  ho  PUP  as  a  moans  ot 
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ANATOMICAL  AND  PHYSIOLOGICAL  ORIGINS  OF  AUDITORY  BRAIN  STEM 
RESPONSES  (ABR) 


Arnold  Starr  and  L.  Joseph  Achor 
University  of  California,  Irvine 
Irvine,  California  92717 


The  development  of  far  field  recordinq  techniques  to  measure 
the  activity  of  the  auditory  pathway  in  its  course  from  the  cochlea 
to  the  cortex  has  had  important  clinical  applications.  In  man 
there  are  up  to  seven  vertex  positive  waves  that  occur  in  the  first 
ten  msec  after  a  click  signal  (Fig.  1).  The  largest  of  these  com¬ 
ponents,  designated  variously  as  the  IV-V  complex,  4a  and  4b,  or 
N4  and  N5,  is  usually  0.5  uV  in  amplitude  and  occurs  at  a  latency 
of  5.6  -  6.0  msec  for  a  65  dB  (H.L.  re  normal)  click.  Since  the 
components  of  the  auditory  brain  stem  responses  (ABR)  chance  in 
latency  in  an  orderly  manner  with  signal  intensity  (Fig.  1)  the 
measure  can  provide  objective  definition  of  hearing  threshold  in 
difficult- to-test  subjects  such  as  newborn  infants  or  mentally 
impaired  patients  (Davis  and  Hirsch,  1977;  Hecox  and  Galambos, 

1974;  Mokotoff  et  al.,  1977;  Shulman-Galamb os  and  Galambos,  1975; 
Sohmer  and  Feinmesser,  1973;  Starr  et  al.,  1977;  Yamada  et  al., 
1975) .  The  ABR  evoked  by  clicks  primarily  reflects  high  frequency 
hearing  capacities  since  it  depends  on  the  activity  of  the  basilar 
or  high  frequency  end  of  the  cochlea.  However,  there  are  several 
methods  under  evaluation  that  will  enable  the  ABR  to  serve  as  a 
reliable  measure  of  hearing  threshold  across  a  wide  range  of  signal 
frequencies;  these  include  the  use  of  filtered  clicks  (Davis,  1976) 
and  narrow  band  masking  noise  (Don  and  Eggermont,  1978). 

The  expectation  that  each  component  of  the  ABR  represents  the 
activity  of  one  of  the  nuclei  along  the  brain  stem  auditory  pathway 
(Jewett,  1970;  Lev  and  Sohmer,  1970)  has  obvious  relevance  for  the 
evaluation  of  neurological  disorders.  A  large  body  of  clinical 
data  has  now  been  collected  that  show  correlation  between  altera¬ 
tions  in  the  ABR  and  various  brain  stem  lesions  (Chiappa  et  al.,  in 
press;  Robinson  and  Rudge,  1977;  Starr,  1976,  1977;  Starr  and  Achor 
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Fig.  1.  Auditory  brain  stem  responses  from  a  normal  human  adult. 
Recording  was  made  between  vertex  (Cz)  referenced  to  the  earlobe 
ipsilateral  to  the  click  stimulus.  The  intensity  of  the  click  in 
dB  H.L.  re  a  jury  of  normal  subjects  is  to  the  left  of  each  response. 
Duplicate  averages  were  obtained  of  each  intensity.  Note  the  la¬ 
tency  shift  of  the  components  as  signal  intensity  is  lowered.  This 
subject  did  not  show  a  Wave  VII. 


1975;  Starr  and  Hamilton,  1976;  Stockard  et  al.,  1977;  Stockard 
and  Rossiter,  1977;  Thornton  and  Hawkes,  1976). 

Two  types  of  changes  in  the  ABR  occur  with  central  nervous 
system  lesions  in  man.  The  first  is  a  loss  or  marked  attenuation 
of  components  of  the  ABR;  the  second  is  a  prolongation  in  latency 
between  the  various  ABR  components,  in  which  case  there  is  abnormal 
"central  conduction  time".  Since  absolute  amplitudes  of  the  comoo- 
nents  of  the  ABR  can  vary  considerably  among  normal  subjects,  due 
to  the  low  amplitude  of  the  ABR  relative  to  amplifier  "noise"  or 
other  biological  signals  such  as  the  electroencephalogram  (EEG)  or 
electromyogram  (EMG) ,  we  have  sugaested  that  amplitude  ratios  of 
various  components  can  be  a  useful  index  of  abnormality.  In  parti¬ 
cular,  Wave  V  is  usually  larger  than  Wave  I  (V/I  >  1)  to  sional 
intensities  of  60  dB  H.L.  re  normal  or  less  (Chiapoa  et  al.,  in 
press;  Rowe,  1979;  Starr  and  Achor,  1975). 

The  measure  of  central  conduction  times  was  developed  for 
neurological  evaluations  because  the  absolute  latency  of  all  of 
the  components  will  be  affected  by  middle  ear  or  cochlear  functions, 
whereas  the  interpeak  latencies  are  relatively  independent  of  both 
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click  intensity  and  hearing  loss  (Rowe,  1973;  Starr,  1977;  Stockard, 
and  Rossitor,  1977).  The  time  difference  between  Waves  '  and  V  is 
commonly  employed,  and  values  above  4.4  msec  are  considered  to  be 
abnormal  (■  2  S.D.  above  normal).  Variables  such  as  body  tempera¬ 
ture  (Stockard  et  al.,  1978)  and  depressant  drugs  (Squires  et  al., 
1978)  can  prolong  central  conduction  times,  but  this  measure  will 
exceed  normal  values  only  when  these  factors  are  extreme. 

From  a  survey  of  the  clinical  data  (Starr,  1978)  it  appears 
that  lesions  of  the  thalamus  or  cortex  are  not  associated  with 
changes  in  the  ABR.  The  report  that  Waves  VI  and  VII  were  abolish¬ 
ed  in  a  patient  with  a  thalamic  tumor  (Stockard  and  Rossiter,  1977) 
is  of  limited  use  since  these  components  may  also  be  absent  in  nor¬ 
mal  subjects  (Chiapoa  et  al.,  in  press;  Rowe,  1978).  Lesions  of 
the  midbrain  are  associated  with  a  loss  or  prolongation  in  latencv 
of  components  beginning  with  Waves  IV  and  V.  Lesions  of  the  pons 
affect  the  ABR  beginning  with  component  III.  Lesions  of  the  eighth 
nerve  may  be  associated  with  a  loss  of  the  entire  ABR  or  orolonoa- 
tion  in  the  latency  of  components  after  Wave  I.  Wave  I  may  also 
be  increased  in  width  with  tumors  that  compress  the  eighth  nerve 
(Terkildsen  et  al . ,  1977).  The  changes  in  the  ABR  in  these  clini¬ 
cal  situations  suggest  that  the  generators  of  the  various  compo¬ 
nents  of  the  ABR  may  be  as  follows:  Wave  I  -  the  eighth  nerve; 

Wave  III  -  the  pons;  Waves  IV  and  V  -  the  midbrain.  Waves  II,  VI 
and  VII  occur  with  sufficient  variability  in  normal  subjects  mak¬ 
ing  a  definition  of  their  generators  from  clinical-pathological 
studies  uncertain. 

The  types  of  lesions  encountered  in  clinical  situations  usual¬ 
ly  extend  beyond  a  single  auditory  structure  and,  in  addition, 
have  remote  effects  on  other  parts  of  the  brain  stem  from  pressure 
or  edema.  The  results  of  using  the  ABR  in  the  clinic  provides  an 
impetus  for  further  experimental  studies  in  animals  to  clarify  in 
precise  detail  tiie  generator  sites  for  the  various  components. 

Two  types  of  experimental  studies  have  been  performed  in 
animals  to  define  the  anatomical  bases  of  the  ABR.  The  first 
method  relies  on  a  correlation  between  the  latency  of  evoked  poten¬ 
tials  or  single  units  recorded  in  particular  brain  stem  audit orv 
structures  with  the  components  of  the  ABR  recorded  from  the  scalp 
(Achor,  1976;  Huang  and  Buchwald,  1977;  Jewett,  1970).  Ttie  second 
method  relies  on  changes  in  the  ABR  that  accompany  the  destruction 
of  portions  of  the  auditory  pathway  (Buchwald  and  Huang,  1975;  Lev 
and  Sohraer,  1970).  These  studies  have  been  interpreted  as  indicat¬ 
ing  that  certain  components  of  the  ABR  are  generated  by  a  single 
auditory  structure,  but  there  may  be  disagreement  as  to  the  iden¬ 
tity  of  that  structure.  For  instance,  Jewett  (1970),  using  depth 
and  surface  evoked  potentials  in  the  cat,  found  large  amplitude 
fields  in  the  inferior  colliculus  at  the  time  of  Wave  TV,  whereas 
Buchwald  and  Huang  (1975)  found  that  ablation  of  the  inferior  colli- 
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cuius  in  the  cut  was  not  associated  with  any  change:,  in  Wave  IV. 

The  study  by  these  lust  nut  hots,  which  involved  makitui  soquenti.il 
t  i  nnsect  1  ons  of  the  bi.un  stem  in  cuts,  sunoestod  that  Wave  l  oti- 
q  mates  from  the  eighth  nerve,  Wave'  11  t  1  om  the  cochlea*  nucleus, 

W  ave  III  from  the  supei  iot  olive.  Wave  IV  f  i  otti  bi  Intel  nl  pathways 
m  the  eons  and  Wave's  V  ami  VI  (both  of  which  air  unite'  small  and 
vatinble'  in  the'  cat)  from  the'  mferioi  colliculus.  Theie'  ate’  some' 
e'bvious  vli  t  1  ei  dice’s  betwe’en  the'  clinical  mate’ll, il  in  human:;  and  the' 
H'su  Its  t  i  v  >in  cats,  the'  ma  iot  one'  beiini  the'  identity  of  the'  genet a- 
tors  toi  Waves  IV  and  V. 

We  have  been  invest  igat  iitu  the'  oi  igins  of  the’  ARK  in  attest  1u»- 
t  l /.e'd  oats  usiim  bv't  il  de'pt  h  tocordinus  and  the'  e'fte'ct  •  of  disci  e't  e 
btain  -;t  e '  m  lesions.  An  examination  of  the'  e'voked  potent  t.i  Is  ii' 
corded  from  seve'ial  of  the'  auditory  stiuctute’s  (Fig.  .')  shows  that 
each  may  extend  toi  many  msec,  ami  the’ie'toie'  seve'ral  site's  can  be' 
active'  simultaneously.  Thus  a  causal  i e lat ionship  between!  activity 
in  one'  brain  ste'm  structure  and  the'  fat  fie'ld  occut  re'tice'  of  one 
component  ot  the'  ARK  i  s  unlikely. 

In  out  e'xpci  i men t  s  we'  made'  a  de'taile'd  analysis  ot  the'  e'voke'd 
potent  lals  every  two  millimeter:;  throughout  the'  bi  am  ste'm.  This 
relatively  t  i  ne-gr.i  i  ned  analysis  ciovide'd  a  de'taile'd  spatial  e'st  i - 
mate'  ot  the'  distribution  ot  potential  fie'lds  in  the'  biain  ste'm 


I’ui.  Auditory  brain  stem  responses  (ARK'  i  e'oot  ded  t  t -om  the' 

scalp  le't  e'l  e.'ticed  to  the'  lie'ck  ot  an  aile'St  lie's  1  ;*e'd  cat  (top  tl.ice) 
comp. He’d  with  fe’e-ordinus  from  seveual  auditory  bi.un  *d  !  ue*t  u»  es 
.1  1  SO  l  e't  e't  e'Hie'd  to  the'  tie'ck  .  The'  amplitude  vMllbl.lt  ion  toi  the' 
ARK  is  10  uV  and  te>i  the  depth  re'cordings,  K00  nV.  The  dick 
stimulus  was  pi  csent  «'d  at  the'  aiu'w  t  lit  ouuh  st  e'l  e'v't  ax  i  c  hv'l  low  eai 
bats.  Ne't  e'  that  the'  potentials  e'voked  in  the'  auditory  biain  st  e'm 
site's  peisist  t»'i  mam:  msec. 


... 
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at  the  time  of  occurrence  of  each  peak  and  trouqh  of  the  ABR  (Fiq. 

3) .  Fiq.  4  shows  one  of  the  isocontour  maps  that  derives  from  the 
analysis  of  the  distribution  of  potential  fields  throuqhout  the 
brain  stem  at  the  time  of  occurrence  of  one  of  the  components,  P3. 

It  is  obvious  that  at  this  instant  in  time  there  are  hiqh  amplitude 
fields  present  throuqhout  the  brain  stem  from  cochlear  nucleus  to 
colliculus.  These  fields,  moreover,  are  not  stationary  but  show 
rapid  movement  throuqh  the  brain  stem  within  a  few  hundred  micro¬ 
seconds.  Fiq.  5  includes  the  potential  maps  from  a  sinqle  saqittal 
section  of  the  brain  stem  involvinq  the  contralateral  inferior 
colliculus  and  lateral  lemniscus  at  the  peak  of  F3  and  100  msec 
both  prior  to  (-100)  and  after  (  +  100)  its  occurrence.  Note  ttie 
movement  of  the  fields  from  the  pons  up  to  the  colliculus  in  this 
short  time  span. 

Quantification  of  the  amplitudes  of  the  potentials  in  the  var¬ 
ious  auditory  nuclei  and  tracts  of  the  brain  stem  at  the  time  of 
each  of  the  components  of  AGR  revealed  that  more  than  one  site  had 
high  amplitude  fields  at  the  time  of  each  of  the  components.  Table 
1  contains  the  results  from  this  analysis  in  four  cats.  For  each 
component  of  the  ABR  in  each  of  the  cats  the  amplitude  of  the  poten¬ 
tial  field  in  a  brain  stem  auditory  structure  was  expressed  as  a 
percentage  of  the  maximum  field  found  anywhere  in  the  brain  stem  at 
that  instant  in  time.  The  positive  and  negative  fields  were  aver¬ 
aged  separately,  and  those  fields  that  were  40%  or  more  of  the 
maximum  field  found  anywhere  are  noted  by  an  asterik  and  arbitrarily 
considered  a  "major"  contributor  to  the  ABR  component.  A  sinqle 
source  (VIII  N/CN)  can  be  defined  for  the  initial  three  components 
(N  1.0,  P  1.2,  N  1.5).  Thereafter  significant  voltage  fields 
(s  40%  of  maximum)  occur  in  several  of  the  auditory  structures  at 
the  time  of  each  of  the  ABR  components.  For  instance,  at  the  time 
of  P  3.0  ttiere  are  at  least  four  sites  with  significant  potential 


Fiq.  5.  An  isopotential  map  of  one  plane  of  the  brain  stem  of  the 
cat  (contralateral  6)  throuqh  the  inferior  colliculus  and  lateral 
lemniscus  at  the  peak  of  P3  (middle  trace)  and  100  nsec  before 
(-100)  and  after  (+100)  this  component.  Note  the  movement  of  the 
field  from  the  pons  up  to  the  inferior  colliculus  in  this  short 
time  span.  The  description  of  the  contour  maps  are  in  Fig.  4. 


Table  I.  Potential  fields  ir.  the  brain  stem  auditory  pathway  expressed  as  a  percent  of  the  maxim 
field  anywhere  in  the  brain  stem  at  the  time  of  occurrence  of  each  of  the  AEP  component 
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tiolds:  tho  ipsilatoral  and  cent t a  tut  or  a  1  stipe  1  toi  <  >  1  1  v«  •  • . ,  tin-  t  1  n- 
pe.toid  body  attii  the  cont  1  a  lat  ot  a  1  t  emu  1  sous  .  Theio  iti.i  not  appeal 
to  tx'  any  rouul.n  eorrolution  between  tin'  point ity  of  tho  In  am  stom 
tiolds  .tnil  tho  polarity  ol  tho  tai  field  component  s .  finally,  tin1 
mferioi  oolliouln:;  ilid  not  have  Itinti  amplitnito  fields  at  tho  t  imp 
o!  tho  ooout  1  oitoo  ot  tho  AUK  thionnh  oomponi'iit  1’4.  Thus  t  hi'  iosnlts 
ot  this  potential  field  analysis  snuuost  that  for  oaoli  ooraponont  of 
tho  AUK  (bop  inn  inn  with  f  1.  ')  thoio  is.  11101  o  than  one  auditory  tnam 
stem  structure  makmq  a  sinnitioant  oont  1  ilmt  ion  to  1 1  s  nonet  at  ion. 
Moreover  not  every  auditory  stilK'tnre  appeals  to  pattioipate  in  the 
generation  of  the  AUK. 


There  .110  several  weaknesses  in  this  type  ot  potential  tielif 
mapping  stuify.  fust,  the  iletinition  ot  a  hiqh  amplitude  field  in 
the  brain  stem  hoes  not  assure  that  the  t  iel.l  is  let  leote.i  on  the 
siirl.K'o.  Keeoiut,  the  mappinn  does  not  take  into  aooount  sneli  vai  ta¬ 
bles  as  "elosod"  versus  "open"  fields  and  i nhomouen 1 1 1 os  in  out  tent 
movements  thionnh  the  brain.  finally,  (lie  1  e.pi  1  1  eiiient  s  foi  multiple 
eleetrode  pv'iiet  1  at  ions  1 01  obtain  these  maps  must  have  disrupted 
"normal"  brain  stem  functions.  Ilowevei  ,  111  spite  ot  these  limits 

t  ions  tlu'  mu  jot  conclusion  that  the  uonerators  ot  most  of  the  AUK 
components  involve  seveial  auditory  stiuctmes  is  quite  app.11  ent  . 

We  tin'll  eai  1  led  out  a  second  sot  10s  ot  expel  intents  makinu  dis- 
ciete  elect  tolyt  ie  lesions  111  various  auditory  brain  stem  structures 
and  assessinu  the  .'hanqes  in  t  hi'  AUK.  Tin'  expel  intents  weie  .'allied 
out  m  anesthetized  eats.  The  majot  effect  ot  these  acute  elect  10- 
lyt ic  lesions  was  to  attenuate  the  amplitude  ot  the  AUK  and  te  have 
little  et  feel  on  latency.  fin.  t>  shows  that  an  extensive  unilateral 
lesion  and  a  smallei  cont ra lat ei a  1  lesion  in  the  central  nucleus  el 
the  inferior  colliculus  has  no  et feet  on  the  AUK.  This  result  cor¬ 
responds  to  the  conclusions  ot  the  field  mappino  studies.  In  con¬ 
trast,  a  lesion  in  the  ventral  cechleai  nucleus  (fio.  ’)  attected 
all  the  components  heuinninii  with  f  1.7.  Table  11  contains  a  list 
ot  the  chanqes  111  the  amplitude  et  the  AUK  component  s  with  lesions 
at  different  levels  ot  the  auditory  I'tain  stem  pathway.  The  data 
t  in  each  level  is  derived  fiom  a  simile  animal  and  were  chosen 
because  the  animal  demonstrated  maximum  etfects  Iron  the  lesion  umomi 
t  he  an  1  ilia  1  s  s  t  ud  i  ed . 

A  oomploto  lesion  ot  the  eiqhth  nerve  attenuated  all  neural 
components.  The  reinaininq  events  detected  in  scalp  leeordinqs  were 
cochleai  1111  ct  iiphont  cs  .  A  lesion  ot  the  vent  t  a  l  cochleut  nucleus 
(Vc'Nl  that  dost  toyed  appt  ex  tma  t  e  l  y  KiH  ot  the  structure  caused  an 
attenu.it  ion  ot  all  component  s  ot  tho  AUK  (40-  'et!  beuinutno  with 
V  1.'  to  an  ipsi  lateral  stimulus.  A  putt  ini  lesion  ot  the  ventral 
acoustic  striae  (VAS 1  just  medial  to  the  eoehle.u  nucleus  attenuated 
I't,  and  P-l  and  N-l  to  ipsi  lateral  stimulation.  Nt  was  not  attected. 

A  lesion  ot  the  supei  iot  olivary  nucleus  (So!  that  also  ttanseeted 
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**id*  ■  Audi  tory  bra  in  stem  icsponsos  from  st  imulat  ion  ot  each  eat 

(top  and  bottom  traces)  from  a  cat  before  (faint  lines)  and  after 
(dark  lines)  an  elect  roly  t  i  c  lesion  o!  t  lie  inferior  colliculus. 

The  extent  of  the  lesions  are  shown  in  the  figure.  One  of  the 
lesions  destroyed  approximately  rnH  of  the  nucleus  unilaterally. 
There  was  not  change  in  the  AUK. 


Fig.  '.  Auditory  brain  stem  responses  from  a  cat  before  llioht  line) 
and  after  (dark  line)  a  lesion  of  the  ventral  cochlear  nucleus. 

Not  e  that  components  beginning  with  F  1.7  are  markedly  attenuated 
without  a  latency  shift.  The  amplitude  decrements  in  P  1.2  and  N  l.o 
are  less  than  10%  and  cannot  be  distinguished  from  normal  variability 
The  amplitude  scale  of  the  abscissa  is  1.0  msec. 


able  IX.  The  decrease  in  amplitude  of  the  ABP  components  (expressed  as  a  percentage  change) 
particular  lesions. 
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SC*  ot  t  he  t  i  ope  .-.old  body  fibers  ventral  to  the  nucleus  severely 
attenuated  ('  'S*)  t  ho  components  ot  tho  ipsi lat oral ly  evoked  AHK 

from  Ft  on.  Win  lo  I'*  ot  tho  oont  r.ilatoral  ly  evoked  ARK  was  almost 
totally  abolished  (OS*),  tho  subsequent  components  IN  t,  P4,  N4)  ot 
tho  oont  i  a  1  a  t  ot  a  1  ly  evoked  ARK  woto  only  partially  affected  (14*, 

4.'*  and  «-!*,  respectively).  Thus  a  nnilatoral  losion  of  tho  .suporioi 
olivo  nuolous  (SOI  oan  havo  oquivalont  ottoots  on  R  t  evoked  from 
stimulating  oaoh  oat  but  markedly  asymmot r i ca 1  effects  on  1'4.  Tho 
difficulty  with  intorprotinq  t  hi'  super  iot  olivary  losions  is  that 
t  hoy  also  tnvatiably  impinged  on  tho  trape-ioid  body  Cl'Rl  .  A  losion 
ot  this  lattor  structure  in  tho  midline  that  did  not  dostroy  tho 
suporioi  olivary  had  faiily  oompaiablo  ottoots  on  tho  ARK  ovokod 
from  ipsilatoral  ot  contralateral  stimulation.  Tho  offoot  began 
with  !'  1.  '  but  was  maximal  at  Ml.  Finally  a  losion  of  tho  lateral 
lomnisous  til.'  affected  tho  ARK  ovokod  by  oont  t  a  1  at  ora  1  stimulation 
but  was  limitod  to  N  t  and  N4  and  sparod  1’J. 

A  synthesis  ot  tho  results  from  tho  losion  oxporimonts  suggests 
that  N4  is  generated  in  both  the  superior  olivo  and  tho  lateral 
lomnisous;  1'4  is  generated  in  bilateral  pathways  close  to  tho  supor¬ 
ioi  olives;  Ni  is  generated  in  both  tho  lateral  lomnisous  and  tho 
suporioi  olivo;  F.T  is  generated  primarily  in  tho  suporioi  olives; 

N  2.0  and  !'  1.  '  ate  generated  primarily  in  tho  cochlear  nuolous,  and 
all  othoi  oompononts  originate  in  tho  eighth  nerve. 

Wo  emphasise  caution  in  transferring  tho  ARK  ii'salt s  derived 
from  electrolytic  losions  in  animals  to  tho  human  clinical  experience 
First,  in  several  animals  which  were  allowed  to  recovet  aftet  the 
losion  tlio  large  amplitude  changes  in  tho  ARK  noted  acutely  wore 
mill'll  less  prominent  when  recordings  were  made  in  subsequent  weeks. 

It  is  likely  that  the  lesions  may  have  had  acute  transient  effects 
on  brain  stem  structures  remote  from  the  electrode  tip  due  to  phys¬ 
iological  factors  (diaschisis) ,  or  even  to  vascular  ot  edematous 
comp l i cat  ions . 

Tho  prominent  change  in  central  conduction  times  of  the  ARK 
described  in  patients  with  disorders  of  brain  stem  function  did  not 
occur  with  the  acute  electrolytic  lesions  in  these  animal  experiments 
Certainly  the  types  ot  pathological  processes  in  humans  (tumors, 
demyel inat ing  disorders,  edema,  infarcts  from  vaseulai  diseases! 
must  have  vastly  different  pat  liophys  iolog  ioa  1  effects  on  neural 
processes  than  the  electrolytic  lesions  employed  here.  Moreover, 
we  suspect  that  amplitude  changes  of  up  to  40*,  as  defined  in  the 
ARK  in  these  animal  studies,  would  protiubly  not  be  discernible  as 
abnormal  in  man  simply  because  the  amplitude  of  the  ARK  is  notorious¬ 
ly  variable  in  man.  Also,  it  is  tare  that  both  "before"  and  "after" 
records,  are  available  from  humans;  consequent  ly ,  abnormal  it  ies  must 
be  defined  on  the  basis  ot  group  data.  The  ARK  in  the  cat,  however, 
is  mote  than  forty  times  greater  in  amplitude,  resulting  in  a  marked 
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2  msec 


F  ui .  R.  Auditory  brain  stem  responses  from  monaural  stimulation 
ot  the  right  eat  (upper)  and  left  ear  (lower)  in  a  patient  with  a 
tumoi  ot  the  tectum  ot  t  lie  midbrain.  Waves  [  and  V  are  labeled. 

Note  that  the  latency  of  the  components  are  normal  as  were  central 
conduction  times  (1-V  4 . -1  msec).  The  only  finding  vaguely  sug¬ 

gestive  ot  an  abnormality  is  that  the  amplitude  of  Wave  V  is  less 
than  1  in  two  ot  the  three  responses  from  stimulating  the  left  ear. 

At  the  time  of  this  recording  the  patient  was  confused  (obstruction 
i't  the  aqueduct  ot  Sylvius  producing  hydrocephalus)  ,  with  a  paralysis 
of  upward  gaze. 


improvement  in  signal  noise  relationship  and  allowing  the  absolute 
amplitude  measures  to  be  reliable. 

To  demonstrate  that  the  animal  studies  are  relevant  to  the 
clinical  situation,  we  have  encountered  instances  of  lesions  of  the 
inferiot  colliculus  m  man  without  abnormal  it ies  of  the  AUK.  Fig. 

R  is  from  a  patient  who  died  with  a  tumoi  restricted  to  the  tectum 
of  the  midbrain  (the  inferior  and  superior  colliculus)  without 
pressure  ot  edema  in  the  tegmentum  of  the  brain  stem.  Tile  AUK  was 
normal  throughout  the  two  years  the  patient  was  observed.  This 
result  supports  the  animal  studies  in  which  lesions  of  the  inferior 
colliculus  did  not  affect  the  AUK.  It  is  likely  that  the  tegmentum 
of  the  midbrain  coupled  with  the  pons  provide  the  major  generator 
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sites  for  the  components  designated  as  III  and  IV-V  in  man.  Further¬ 
more  attention  should  he  paid  to  the  vertex  negative  components  in 
man  since  certain  lesions  in  the  animal  studies  ^lateral  lemniscus! 
had  predominant  effects  on  these  troughs. 

The  ARK  is  an  encouraq i no  example  ot  the  clinical  relevance  of 
evoked  potential  and  neurophy s ioloo i ca 1  research.  Its  successful 
application  has  been  based  on  a  relatively  clear  understanding  ot 
periphei.il  and  central  auditory  physiology  and  the  ability  to  trans¬ 
fer  this  knowledge  to  the  human  condition. 


bt'HMAK'i 


l'he  generation  of  auditory  brain  stem  responses  was  examined 
in  attest  hes  iced  cats  by  using  a  field  analysis  of  the  potentials 
evoked  every  2  mm  in  the  brain  stem  to  click  stimuli.  These  field 
maps  were  correlated  with  the  peaks  and  troughs  of  the  scale  re¬ 
corded  auditory  brain  stem  responses.  The  first  three  components 
(P  0.8,  N  1.0  and  r  1.2)  appear  to  be  generated  in  the  eighth  nervt  . 
The  remaining  components,  except  foi  N4,  are  associated  with  large 
amplitude  fields  in  two  or  more  separate  sites  along  the  classical 
auditory  brain  stem  pathway .  Acute  and  chronic  electrolytic  lesions 
in  portions  of  the  auditory  brain  stem  pathway  in  cats  showed  that 
discrete  lesions  may  effect  more  than  one  component  of  the  auditory 
brain  stem  responses.  Howovei  lesions  in  the  inferior  colliculus, 
the  dorsal  cochlear  nucleus  and  the  dorsal  acoustic  striae  mav  have 
no  effect  on  brain  stem  responses.  The  lesions  usually  decreased 
the  amplitudes  of  the  evoked  potentials  and  had  little  ot  no  effect 
on  latencies.  All  of  these  results  suggest  that  the  generation  ot' 
auditory  brain  stem  response  cannot  be  attributed  to  a  one-to-one 
relationship  between  a  particular  component  and  a  particular  site 
in  the  auditory  pathway  but  rather  reflect  a  complex  interre lat ion- 
ship  between  the  various  structures. 
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Fig.  1.  Responses  of  a  subject  to  red  flashes  upon  a  blue-green 
background.  Montage:  Oz  to  linked  earlobes. 


merged  with  the  first  peak,  having  a  final  latency  of  about  120  mse 
The  first  peak  now  appeared  as  a  shoulder  on  the  leading  edge  of 
the  combined  positive  element.  With  other  backgrounds  where  higher 
intensities  are  possible  (e.g.,  white  or  yellow)  the  second  peak  is 
much  reduced  in  amplitude,  finally  appearing  as  a  shoulder  on  the 
trailing  edge  of  the  first  peak. 

It  is  to  be  noted  that  the  first  peak  did  not  change  its 
latency  as  the  background  level  was  increased.  This  is  also  true 
for  the  third  peak  (180-200  msec),  which  is  such  a  dominant  fea¬ 
ture  of  the  high  background  response.  On  the  basis  of  the  response 
obtained  with  the  various  background  colors  and  the  red  flash  stim¬ 
uli,  it  was  concluded  ttiat  the  first  and  third  peaks  (about  100 
and  180  msec,  respectively)  are  components  related  to  the  red  color 
processes. 
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Fig.  2.  Responses  of  a  subject  to  blue  flashes  upon  a  yellow 
background.  Montage:  Oz  to  linked  earlobes.  This  should  be 
viewed  obliquely  in  order  to  see  the  trends  most  clearly. 


In  Pig.  2  responses  are  shown  for  blue  flashes  against  a 
yellow  background  for  various  intensities.  The  blue-yellow  para¬ 
digm  is  ideal  for  helping  to  determine  whether  there  are  indeed 
sets  of  color  specific  components.  Because  ol  the  spectral  char¬ 
acteristics  of  the  three  basic  color  processes,  which  have  been  de¬ 
termined  by  well  established  psychophysical  techniques,  stimulation 
by  the  blue  flash  will  affect  primarily  the  blue  and  the  green.  Th 
red  processes  will  be  affected  to  a  slight  degree,  but  for  present 
purposes  this  can  be  ignored.  Likewise,  the  yellow  background  will 
affect  only'  the  green  and  red  processes  leaving  the  blue  relat  ively 
unaffected.  It  is  to  bo  noted  that  green  would  be  affected  by  With 
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the  stimulus  flash  and  by  the  steady  background  light,  a  fact  crucial 
for  thi'  logic  of  this  cx|<erimcntal  design. 

tt  is  assumed  that  the  in-dark  waveform  evoked  by  the  blue 
flash  (top  of  E'ig.  2)  \  ■  made  up  of  blue  and  green  related  ele¬ 
ments.  As  the  background  is  increased  the  amplitude  of  any  green- 
related  elements  sh >uld  diminish  and  can  thereby  be  identified. 

An  overview  of  Pig.  2  clearly  shows  what  has  occurred  in  the  evok¬ 
ed  waveform  as  the  background  was  increased.  The  prominent  positive 
peak  at  120  ms.ee  was  markedly  diminished  and  eventually  completely 
removed.  This  also  is  true  for  positive  peaking  at  200  msec.  We 
therefore  tentatively  identified  these  two  peaks  as  components  of 
the  green  process. 

What  happened  to  another  peak  was  equally  dramatic.  One  of 
the  major  features  of  the  in-dark  blue  response  was  the  marked  pos¬ 
itivity  occurring  at  180  msec.  When  the  earlier  (green?)  component 
disappeared  with  the  increasing  background  level,  the  later  peak 
moved  forward  in  time  about  30  msec  and  eventually  stabilized  at 
about  150  msec.  At  the  higher  background  levels  another  peak 
emerged  at  about  90  msec  following  the  first,  ending  at  about  240 
msec.  We  concluded  that  these  two  components  are  related  to  tin- 
blue  process. 


i'ii  the  basis  of  a  number  of  facts  described  in  our  earlier 
paper  it  was  concluded  that  the  second  positive  peak  in  the  red 
evoked  waveform  (l’ig.  1)  represented  the  reaction  of  the  green 
process . 


We  have,  therefore,  isolated  three  pairs  of  components  which 
we  tentatively  relate  to  the  red,  green  and  blue  color  processes. 
The  red  has  the  shortest  latency,  followed  by  the  green,  and  then 
the  blue.  Under  light-adapted  conditions  and  moderately  high  flash 
intensities  the  peak  latencies  are  around  90-100  msec  for  red,  120 
msec  for  green  and  140-150  msec  for  blue.  The  latencies  of  tin- 
second  peaks  in  the  color  pairs  are  180,  200  and  about  240  msec, 
respect i vely . 

The  temporal  characteristics  of  these  tentative  color  compo¬ 
nents  are  in  precise  agreement  with  the  results  of  earlier  psycho¬ 
physical  studies  by  Pieron  and  his  colleagues  (1952)  and  the  more 
recent  studies  on  reaction  time  to  color  stimuli  (Mol  Ion  and  Kraus- 
kopf,  l-'7t).  The  spectral  desensitization  technique  was  earlier 
used  by  Huber  (1972). 

The  marked  latency  shifts  shown  by  the  green  and  blue  compo¬ 
nents  when  the  background  was  raised  might  be  related  to  other  data 
indicating  opponency  between  the  basic  color  processes.  Apparently 
a  very  strong  red  response  can  delay  the  onset  of  the  green  process 
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by  as  much  as  30  msec.  The  same  seems  to  be  true  for  the  green/blue 
relationship  with  the  green  being  capable  of  inhibiting  the  onset 
of  the  blue  process  by  that  amount  of  time. 

The  above  discussion  of  the  color  responses  is  based  on  our 
work  with  color  normal  individuals.  When  individuals  with  known 
color  deficiences  were  studied  the  results  obtained  were  in  general 
agreement  with  our  color-normal  analysis,  but  there  were  marked  in¬ 
dividual  differences  shown  among  individuals  with  the  same  color 
vision  classification  (White  et  al . ,  1977). 

Some  of  the  earliest  work  on  color  responses  done  in  our  lab¬ 
oratory  dealt  with  binocular  summation  (Bartlett  et  al.,  1963).  We 
have  recently  finished  an  extensive  parametric  study  on  this  topic 
in  which  a  number  of  individuals  were  presented  a  broad  range  of 
stimulus/background  conditions.  The  usual  individuality  of  our 
subjects  was  found  also  in  regard  to  ttiis  aspect  of  the  VER,  each 
showing  marked  differences  in  terms  of  the  degree  of  summation 
shown  for  given  conditions  (White  et  al.,  1978). 

Under  certain  conditions  the  degree  of  summation  shown  by  a 
subject  could  be  quite  impressive,  definitely  out  of  line  with  the 
results  of  psychophysical  judgements  dealing  with  binocular  summa¬ 
tion  effects.  Two  examples  of  marked  summation  are  shown  in  Fig. 

3.  They  represent  the  reactions  to  two  intensities  of  blue  flashes 
presented  upon  a  rather  high  intensity  yellow  background.  This 
stimulus  background  situation  was  overall  the  best  for  demonstrat¬ 
ing  the  highest  degree  of  summation  for  most  of  our  group  of 
subjects . 

Another  finding  which  came  out  of  this  study  was  the  fact  that 
some  of  our  subjects'  responses  to  left  and  right  eye  stimulation 
were  quite  different.  This  is  illustrated  in  Fig.  4  (a).  The 
stimulus  was  a  relatively  low  intensity  green  flash  (12  on  the 
Grass  photostimulator)  presented  upon  a  relatively  high  level  back¬ 
ground.  Under  these  conditions  the  subject  (myself)  noticed  that 
he  was  having  completely  different  color  perceptions  under  the  mono¬ 
cular  conditions  with  one  eye  producing  yellow  and  the  other  green. 
It  can  be  seen  from  the  figure  that  when  "green"  was  reported  the 
red  component  was  missing.  When  both  the  red  and  green  components 
were  present  in  the  evoked  response  a  yellow  flash  was  seen. 


SUBCORTICAL  ELEMENTS  IN  THE  VER 


In  our  earlier  paper  on  color  evoked  potentials  (White  et  al . , 
1977)  evidence  was  presented  which  indicated  that  the  color  specific 
components  around  100-150  msec  were  related  to  subcortical  acti¬ 
vity.  The  strongest  evidence  was  the  fact  that  these  response 
components  could  be  obtained  even  when  there  was  no  electrode  in 
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place  over  the  visual  cortex.  With  the  active  electrode  at  the  eye 
and  reference  electrodes  at  the  mastoids,  for  example,  a  red  flash 
will  produce  a  sharp  negative  peak  at  100  msec,  precisely  the  time 
at  which  a  sharp  positive  peak  would  be  obtained  with  an  electrode 
over  the  visual  cortex  with  mastoids  or  earlobes  as  reference. 

With  the  eye-mastoid  montage  the  strong  component  at  around  200  msec 
does  not  appear,  however,  indicating  that  it  is  related  to  cortical 
activity . 

Further  evidence  in  this  regard  is  presented  in  Fig.  4  (b) , 
which  presents  the  results  obtained  when  the  cortex-mastoid  and 
eye-mastoid  electrode  placements  were  used  simultaneously.  It  is 
part  of  a  series  in  which  the  effects  of  various  levels  of  back¬ 
ground  on  the  visual  evoked  potential  and  the  electroretinogram 
(ERG)  were  being  studied.  As  the  background  was  raised  the  B-wave 
(rod  related)  disappeared,  leaving  only  the  photopic  (cone)  ele¬ 
ments  of  the  light-adapted  eye.  At  this  point  it  was  noted  that 
the  early  portions  of  the  two  waveforms  were  essentially  mirror 
images  of  one  another  (from  about  40-160  msec)  but  became  complete¬ 
ly  different  from  that  time  on  with  the  strong  positive  activity 
at  200  msec  appearing  only  when  using  the  cortex-mastoid  montage. 

The  presence  of  the  scotopic  B-wave  limits  the  usefulness  of 
the  ERG  for  studies  such  as  this  since  only  by  light-adapting  to 
fairly  high  levels  can  one  get  photopic  responses.  It  has  been 
found  that  responses  evoked  by  flash  stimuli  can  be  obtained  by 
stimulating  one  eye  and  recording  from  one  electrode  placed  on  the 
ridge  of  the  cheekbone  under  the  occluded  eye.  The  B-wave  does 
not  appear  on  the  records  so  obtained.  The  components  that  do 
appear  are  assumed  to  be  related  to  activity  at  some  higher  level 
in  the  visual  system  common  to  both  eyes. 

Fig.  5  (a)  presents  the  responses  of  a  subject  to  red,  green 
and  blue  flashes  at  two  background  levels.  Negative  is  up  in  this 
figure  to  emphasize  the  similarity  to  the  results  obtained  with 
cortex-mastoid  electrode  placement  (but  with  the  opposite  polarity) . 
In  this  case  the  right  eye  was  stimulated  and  recording  made  at  the 
left  eye. 

In  Fig.  5  (b)  we  have  a  more  extensive  example  of  the  type 
of  responses  to  be  obtained  when  the  nonstimulated  eye  technique 
is  used.  Throughout  a  high  intensity  blue  flash  was  the  stimulus 
with  a  varying  yellow  background.  The  upper  half  of  the  figure 
shows  the  responses  obtained  when  the  right  eye  was  stimulated  and 
recording  was  made  from  the  left  eye.  The  reverse  is  true  for  the 
lower  half. 

The  results  we  see  here  support  what  we  said  earlier;  the  two 
eyes  appear  to  be  different  in  their  color  sensitivity.  In  the 
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Fig.  5.  (a)  Responses  to  red,  green  and  blue  flashes  upon  two 
levels  of  yellow  backgrounds  (100  v  and  150b).  Montage:  Cheek¬ 
bone  beneath  eye  to  linked  mastoids.  Right  eye  stimulated,  record¬ 
ed  from  left  occluded  eye.  (b)  Responses  to  blue  flashes  upon 
yellow  backgrounds.  Montage:  Cheekbones  beneath  eyes  to  linked 
mastoids.  Upper  records  show  right  eye  stimulated,  recording  from 
left  eye;  lower  records  show  left  eye  stimulated  and  recording  from 
right  eye. 


lower  half  of  the  figure  (L-R)  a  negative  peak  is  prominent  just 
before  100  msec,  while  this  is  not  the  case  in  the  R-L  situation. 
This  finding  has  been  consistent  for  this  individual.  The  differ¬ 
ence  is  especially  noticeable  at  the  100  volt  background  level. 

The  findings  here  are  consistent  within  themselves,  but  are 
strikingly  different  from  the  records  shown  in  Fig.  5  (a)  wherein 
similar  stimulus/background  conditions  were  used.  The  very  strong 
peaking  at  150  msec  which  has  been  identified  as  the  first  blue 
component  is  not  apparent  as  an  outstanding  feature. 

The  responses  in  Fig.  6  seem  to  provide  an  answer,  though  not 
now  an  explanation,  to  this  problem.  Here  is  the  same  subject, 
same  flash  intensity  of  the  blue  light,  and  with  one  of  the  yellow 
background  levels  used  in  Fig.  7  (100  volts).  It  can  been  seen 
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Fig.  6.  Responses  of  subject  CW  to  high  intensity  blue  flashes 
upon  a  lOOv  yellow  background.  Montage:  Cheekbone  beneath  eyes  to 
linked  mastoids.  L  -  L:  Left  eye  stimulated,  recording  from  left 
eye.  L  -  R:  Left  eye  stimulated,  recording  from  right  occluded  eye. 


that  the  morphology  of  the  waveforms  are  similar  for  the  L-R  condi¬ 
tion  at  that  background  level  considering  the  expected  day-to-day 
variability. 

The  major  difference  to  be  seen  in  Fig.  6  is  in  the  L-L  con¬ 
dition,  i.e.,  the  left  eye  was  stimulated  and  the  recording  was 
made  from  beneath  that  eye.  In  this  case  there  is  a  very  strong 
negative  peak  at  150  msec.  The  difference  waveform  is  even  more 
emphatic;  the  strong  negative  peak  at  150  msec  does  not  carry  across 
to  the  unstimulated  eye . 

We  would  like  to  conclude  our  paper  with  a  discussion  of  the 
evoked  waveforms  shown  in  Fig.  7.  in  the  first  part  [Fig.  7  (a)] 
there  is  the  comparison  of  the  responses  obtained  in  an  eye  to  mas¬ 
toid  montage  with  the  eye  to  midforehead  montage.  It  is  clear 
that  the  prominent  peak  at  150  msec  which  has  been  so  clearly  re¬ 
lated  to  the  "blue"  component  of  the  VEP  is  also  dependent  on  the 
mastoid  (or  earlobe)  electrode  being  used. 


COLOR  VEP  SUBCORTICAL  ELEMENTS 


A  B 

Fig.  7.  (a)  Responses  of  subject  TW  to  blue  flashes  upon  a  lOOv 

yellow  background.  Upper  response:  eye  to  mastoid;  center  response: 
eye  to  midforehead,  a  standard  reference  for  the  classic  ERG;  lower 
waveform;  the  difference  between  these  two  waveforms.  (b)  Responses 
of  subject  TW  to  blue  flashes  of  LL6  intensity  upon  a  yellow  back¬ 
ground  lOOv.  Upper  waveform  is  eye-mastoid;  middle  record  is  cortex 
to  eye.  Lower  is  the  difference  between  the  other  two. 


The  second  part  of  Fig.  7  (b)  contrasts  the  eye-mastoid  mon¬ 
tage  with  the  cortex  to  eye  montage  and  the  cortex  to  mastoid  mon¬ 
tage  under  this  particular  stimulus/background  situation.  Again 
it  is  clear  that  the  prominent  peak  at  150  msec  is  primarily  de¬ 
pendent  on  an  electrode  being  placed  in  the  mastoid  location  while 
the  later  components  require  the  use  of  a  cortical  electrode. 


SUMMARY 

Previously  published  findings  by  our  group  regarding  color 
evoked  potentials  were  replicated  and  examples  from  a  recent  study 
on  binocular  summation  of  such  potentials  were  presented.  Our 
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earlier  suggestion  that  certain  elements  of  the  evoked  waveform  re¬ 
present  visual  processing  activity  at  some  subcortical  level  was 
given  added  support  by  examples  of  evoked  potentials  obtained  from 
combinations  of  cortical  and  noncortical  electrode  placements.  The 
strongest  evidence  was  that  the  activity  between  about  40-160  msec 
following  stimulus  presentation  could  be  obtained  with  both  the 
cortical  and  noncortical  electrodes  (with  opposite  polarities) , 
whi le  the  activity  around  200  msec  and  beyond  was  dependent  on  the 
use  of  a  cortical  electrode. 
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INTERACTIONS  BETWEEN  TARGET  AND  MASKING  STIMULI: 

PERCEPTUAL  AND  EVENT  RELATED  POTENTIAL  EFFECTS 

John  L.  Andreassi,  Joseph  A.  Gallichio,  Nancy  E.  Young 
Baruch  College,  City  University  of  New  York 

The  purpose  of  this  investigation  was  to  determine  the 
effects  of  target-mask  contour  interactions  (backward  masking 
paradigm)  on  perception  and  visual  event  related  potentials  (ERPs) . 
Three  experiments  were  conducted.  In  the  first,  masking  stimuli 
closely  bordered  the  target  on  25%,  50%,  75%  or  100%  of  its 
perimeter.  Increased  amounts  of  target-mask  contour  interaction 
resulted  in  progressively  greater  decreases  in  ERP  amplitude  (Oz 
recordings)  to  target  stimuli.  (In  all  experiments  a  positive  ERP 
component  which  appeared  at  200  msec  after  target  presentations 
was  used  in  data  analyses.)  Perceptual  masking  occurred  with 
contour  interactions  of  50%  and  over. 

A  second  experiment  examined  visual  ERPs  to  the  masking  stim¬ 
ulus  alone,  target  alone  and  to  a  target-mask  condition  which 
produced  perceptual  masking.  The  ERPs  were  recorded  from  Oz  to  Cz. 
Perceptual  masking  was  accompanied  by  significant  ERP  attenuation 
at  Oz  only.  The  Cz  response  was  similar  under  all  conditions. 
Amplitude  of  response  at  Oz  was  significantly  greater  for  the  mask 
alone  compared  to  the  target  alone  condition. 

A  third  experiment  compared  the  target-mask  condition  at  an 
effective  interstimulus  interval  for  masking  (40  msec)  with  ISIs 
in  which  target  and  mask  were  perceived  either  as  simultaneous 
(10  msec)  or  successive  (100  msec)  presentations.  The  most  inter¬ 
esting  finding  was  that  target-mask  conditions  which  did  not  pro¬ 
duce  masking  (10  msec  and  100  msec  ISIs)  were  not  accompanied  by 
ERP  amplitude  attenuation.  The  effective  masking  condition  (40  msec 
ISI)  resulted  in  significantly  attentuated  ERP  amplitudes.  The  ERP 
changes  were  specific  to  Oz  recordings  since  Cz  records  showed  no 
amplitude  changes  for  the  different  conditions.  The  mask  alone 
condition  again  produced  a  significantly  larger  response  than  tar¬ 
get  alone.  This  difference  may  have  been  due  to  the  larger  amount 
of  perceived  contour  for  the  mask  alone  (sixteen  sides)  vs.  target 
alone  (four  sides) .  The  results  suggest  that  cortical  excitatory- 
inhibitory  activity  produced  by  target  and  mask  stimuli  is  reflected 
in  ERP  recordings  obtained  from  over  the  occipital  cortex,  but  not 
at  the  vertex. 
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CEREBRAL  ORGANIZATION  OK  EVENT  RE  I  ATE  I)  POTENTIALS 
ANALYZED  BY  MULTIDIMENSIONAL  SCALING  TECHNIQUES 

Jackson  Beatty 
Department  of  Psychology 
University  of  California,  Los  Angeles 

One  of  Uie  most  important  but  difficult  problems  in  the  anal¬ 
ysis  of  event  related  potentials  (KRPs)  is  the  determination  of 
interareal  relationships  from  simultaneously  obtained  averaged 
recordings.  One  approach  to  this  problem  is  suggested  by  the  re¬ 
cent  configurational  analysis  of  the  spontaneous  EEC.  using  multi¬ 
dimensional  scaling  reported  by  Beatty  (Beatty,  Neuroscience  letter 
8  (1978)  99-104).  The  present  paper  reports  the  results  of  a 
similar  analysis  of  interareal  relations  for  visual,  juditory  and 
somatosensory  ERPs  using  data  originally  described  by  Goff  and 
Allison.  Erom  these  data  the  latencies  of  ten  reliably  appearing 
early  or  middle  (less  than  100  msec)  components  at  eighteen  sites, 
were  used  to  compute  a  half-matrix  of  the  Euclidean  distances  be¬ 
tween  all  possible  electrode  pairs  for  each  stimulus  type.  The 
three  resulting  matrices  represent  the  measured  functional  distance 
between  electrodes  for  which  a  two-dimensional  configurational 
solution  was  attempted  using  INDSCAL,  a  three-way  multidimensional 
scaling  program. 

INDSCAL  was  able  to  achieve  a  low  error  two-dimensional 
solution  witli  the  following  properties.  First,  the  obtained 
dimensions  might  naturally  be  labelled  anterior-posterior  and  left- 
right.  Second,  the  grouping  of  recording  sites  in  this  functional 
space  indicates  a  clear  division  between  frontal  and  posterior 
cortex  along  the  anterior-posterior  dimension.  Third,  the  indi¬ 
vidual  solutions  for  the  three  stimulus  types  indicate  the  anterior 
posterior  dimension  dominates  the  configuration  for  the  visual  ERE, 
whereas  the  left-right  dimension  predominates  for  the  somatosensory 
ERE.  Finally,  for  all  KREs  the  orderly  representation  of  occipital 
parietal,  central  and  frontal  zones,  flanked  on  each  side  by 
temporal  cortex,  may  !x>  reliably  discerned.  Thus ,  it  appears  that 
the  configurational  maps  produced  by  multidimensional  scaling 
provide  a  means  of  representing  functional  units  of  tin'  human 
cerebral  cortex  in  a  comprehensible  and  meaningful  fashion. 


PUVTKOPHYSlOUX'ilOAL  INDICATORS  OF  oxinitive  deficits 
IN  CHRONIC  AI/COHOLICS  AND  SERIATE 1C  SUbdECTS 

H.  begleiter  and  b.  Pol  jesz 

Chronic  .Urolu'l  abuse*  is  known  to  produce  information  pro¬ 
cessing  deficits.  It  has  boon  postulated  that,  these  coqnit  ivo 
deficits  aio  gin  t  o  similai  in  alcoholic  pat  louts  and  in  geriatric 
sub  ioots.  Therefore,  wo  conducted  .1  visual  ovokod  potential  (VEP) 
oxpot  imont  designed  l  o  assess  information  processing  deficits  in 
chronic  alcoholic?;,  as  compared  to  got  iatiics  and  matched  controls, 
us  1  ng  a  P  \  pat  ad  1  gin. 

The  experimental  design  inquired  that  t  lie  subject  respond  to 
rarely  oeeuriing  (8.1*)  target  st  imuli  only,  while  withholding 
1  espouses  t  o  frequent  ly  occurr  i  ng  (8.1,  .1%)  non-target  stimuli  and 
rate*  (8.  I*)  "novel"  sf  imul.i  .  The  target  shape  and  11011-t  arget  shape 
were  alternated  over  tour  blocks  (‘H>  stimuli  block)  in  the*  first 
condition  (hong  blocks)  and  were  alternated  toui  times  a?;  often 
( 1  <*  blocks)  in  the  .second  condition  (Short  blocks)  containing  «'4 
st  imuli  block.  Monopolar  VKPs  were  recorded  at  Oz ,  Pz ,  Cz ,  Kz,  PI 
and  E4  ,  and  poak-to-peak  measurements  (PI  ,  N1  ,  p,',  N.' ,  PI)  ,  as  well 
as  principal  component  factor  analyses  with  vat  imax  rotation,  were 
performed  on  the  data.  This  paper  1 s  limited  to  a  discussion  of 
the  Pz  electrode . 

Our  results  indicate*  that  t:he  alcoholics  manifested  signif¬ 
icantly  depressed  or  absent  Pis  to  target  stimuli  when  compared  tv* 
both  the  normal  controls  and  the  geriatric  subjects.  On  the  other 
hand,  tin*  geriatric  subjects  displayed  significantly  delayed  laten¬ 
cies  when  compared  tv*  both  the  alcohol  and  control  groups  I01  all 
conditions.  Therefore,  oui  data  doe?;  not  support  the  view  that 
cns  dot  icits  in  alcoholics  are  similar  tv*  those  in  geriatric  sub¬ 
ject  s . 
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GSR,  AEP  AND  CNV  IN  DEPRESSED  PATIENTS  AND  HEALTHY  CONTROLS 


J.  Bolz,  H.  Giedke  and  H.  Heimann 

Psychiatric  Clinic,  University  of  Tttbingen,  West  Germany 

In  eighteen  patients  with  p  unary  affective  disorders  and 
twenty-seven  healthy,  age  matched  controls,  GSR  (skin  resistance 
level,  number  of  spontaneous  fluctuations,  amplitude  and  habituation 
rate  of  orienting  response,  AEP  and  CNV  (Pz,  Cz)  were  measured  in 
response  to  auditory  stimuli.  During  the  non-response  condition, 
the  resting  subject  heard  pairs  of  tones  (ISI  2  sec.  III  7-12  sec) , 
while  in  the  response  condition,  he  had  to  react  upon  the  second 
stimulus  by  pressing  a  key. 

Depressed  patients  develop  AEP  amplitudes  (N1-P2  differences) 
which  average  15%  smaller  and  CNVs  which  are  about  50%  smaller  than 
those  of  healthy  controls. 

Patients  Controls 

AEP  (N1-P2  uv)  Fz  24.1+  9.6  31 . 3+^  9.5  p<0.01 

Cz  22.B+10.4  31.7+16.2  p<0.05 

CNV  UiVsec)  Fz  7.3+  6.6  17.4+  9.3  p<0.001 

Cz  10.4+  7.7  19.2+10.5  p<0.001 

The  last  finding  is  at  variance  with  the  results  of  Small  and 
Small  (1971) ,  in  as  far  as  these  authors  found  smaller  CNVs  only 
when  warning  stimulus  and  imperative  stimulus  differed  in  modality 
and  not  when  a  single  modality  was  used.  A  higher  degree  of  in¬ 
hibition  in  depressed  patients,  as  measured  in  GSR,  is  confirmed  in 
respect  to  number  and  mean  amplitude  of  GSR  orienting  responses 
during  response  condition:  depressed  patients  show  less  response 
and  smaller  response  amplitudes.  Our  hypothesis  that  inhibition  as 
measured  in  GSR  is  positively  correlated  with  a  reduction  of  AEP 
is  only  partially  supported  by  the  data:  mean  AEP  amplitude  is 
positively  correlated  with  the  number  of  spontaneous  fluctuations 
and  is  negatively  correlated  with  skin  resistance  level  -  but  in  the 
depressed  group  only.  On  the  other  hand,  CNV  (Fz)  is  negatively 
correlated  with  the  number  of  spontaneous  fluctuations  and  positively 
with  skin  resistance  level  -  also  in  the  depressed  group  only. 
Finally,  mean  GSR  amplitudes  during  the  response  condition  are 
positively  correlated  with  CNV  (Fz)  in  patients,  as  well  as  in 
healthy  controls. 


IN  MAN 


SCALP- RECORDED  VISUAL  EVOKED  SUBCORTICAL  POTENTIALS 

Roge r  Q.  Cracco  aiui  Joan  B.  Cracco 
Brooklyn,  Now  York 

Short  latency  auditory  and  somatosensory  subcortical  evoked 
potentials  (EP)  have  been  recorded  from  the  human  scalp.  Similar 
visual  evoked  potentials  have  not  been  described  in  man.  In 
animals,  however,  short  latency  EP  have  been  recorded  from  the 
optic  nerve,  tract,  lateral  geniculate  body,  optic  radiation  and 
visual  cortex.  Wo  describe  similar  scalp- recorded  visual  EP  in  man. 

EP  to  bright  light  flash  stimulation  were  recorded  from  the 
scalp  of  fifteen  adults.  This  response  consisted  of  a  series  of 
potentials  which  were  distributed  widely  over  the  scalp.  The  onset 
latency  of  the  response  recorded  over  anterior  frontal  regions  was 
1-17  msec,  and  the  peak  latency  of  the  first  potential  was  1 1  —  C 1 
msec.  The  oscillations  (100-160  cps)  persisted  for  up  to  90  msec. 
The  onset  latency  of  the  response  recorded  over  central-parietal- 
occipital  regions  was  13-24  msec,  and  the  peak  latency  of  the  first 
potential  was  15-27  msec.  These  oscillations  (80-180  cps)  persisted 
for  over  100  msec  in  some  subjects. 

These  EPs  were  greater  in  amplitude  at  midline  and  parasag¬ 
ittal  recording  locations  than  in  temporal  leads.  Over  posterior 
head  reqions  the  first  few  waves  were  similar  in  amplitude  in 
central,  parietal  and  occipital  leads  and  were  lower  in  amplitude 
than  subsequent  ones.  In  some  subjects  the  subsequent  oscillations 
were  similar  in  amplitude  at  central,  parietal  and  occipital  sites, 
while  in  others  they  were  more  prominent  in  occipital  leads. 

The  source  of  these  potentials  recorded  over  anterior  frontal 
regions  is  uncertain.  Similar  potentials  have  been  recorded  from 
the  optic  nerve  and  tract  of  animals  and  from  the  ERG  of  animals 
and  man.  However,  under  the  conditions  of  sustained  light  adapt¬ 
ation  used  in  this  study,  the  optic  nerve  and  tract  potentials  re¬ 
corded  in  animals  are  maximal,  but  the  ERG  potentials  are  atten¬ 
uated  and  are  not  consistently  recorded  in  different  preparations. 
This  suggests  that  the  oscillatory  potentials  recorded  from  an¬ 
terior  scalp  regions  in  man  may  arise,  at  least  in  part,  in  anterior 
optic  pathways  including  the  optic  nerve  and  tract. 

The  distribution  of  the  oscillations  recorded  from  posterior 
scalp  regions  is  not  consistent  witli  an  origin  in  the  ERG.  Their 
short  onset  latency  and  frequency  are  similar  to  the  oscillatory 
potentials  recorded  from  the  lateral  geniculate  body,  optic  radi¬ 
ation  and  cortex  of  animals.  It  seems  likely  that  these  potentials 
arise  in  these  structures. 
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EFFICACY  OF  THE  SCALP-RECORDED  VISUALLY  EVOKED  POTENTIAL 

IN  DEMONSTRATING  MISROUTING  OF  OPTIC  PROJECTIONS  IN  MAN 

Donnell  Creel,  V.  A.  Hospital,  Salt  Lake  City,  Utah  H4148 
Frank  E.  O'Donnell,  Jr.,  John  Hopkins  University,  Baltimore 
Richard  A.  King  and  Carl  J.  Witkop,  Jr.,  University  of  Minnesota 

Visual  systems  of  albino  mammals,  including  humans,  are  anoma¬ 
lous.  Anomalies  include:  (1)  reduced  uncrossed  optic  projections, 

(2)  disorganized  lamination  of  lateral  geniculate  nuclei  and  (3) 
disorganization  of  projections  to  visual  cortex.  Abnormalities  have 
been  verified  in  nine  species  of  mammals,  including  humans.  Experi¬ 
ments  with  animals  and  humans  have  shown  that  visually  evoked  poten¬ 
tials  (VEPs)  recorded  from  surface  electrodes  reflect  the  disorganized 
retinogeniculostriate  projections.  The  organization  of  uncrossed 
and  crossed  optic  projections  may  be  examined  by  comparing  effects 
of  binocular  versus  monocular  stimulation  while  recording  VEPs  from 
both  hemispheres. 

Binocular  versus  monocular  stimulation  produces  no  significant 
alteration  of  the  VEP  in  most  normally  pigmented  humans.  VEPs  were 
recorded  from  sixty  human  total  albinos  and  from  ten  human  ocular 
albinos.  Approximately  70  percent  of  human  albinos  and  ocular  albi¬ 
nos  show  significant  alteration  of  VEPs  following  monocular  stimula¬ 
tion,  with  one  or  more  components  of  the  VEP  missing  or  significantly 
attenuated.  Efficacy  varies  between  luminance  onset-offset,  pattern 
onset-offset  and  pattern-reversal  stimuli. 

The  asymmetric  VEPs  of  monocularly  illuminated  human  albinos 
reflect  the  disorganization  of  optic  fibers  similar  to  that  reported 
for  other  albino  mammals.  The  asymmetrical  VEPs  of  human  albinos 
are  probably  due  to  disorganization  of  cortical  projections  similar 
to  the  disorganization  detailed  for  the  Siamese  cat.  The  missing 
VEP  components  are  most  likely  the  result  of  disorganized  geniculo- 
striate  projections  generating  potentials  in  abnormally  oriented 
areas  of  the  visual  cortex.  The  effect  of  misrouting  of  optic  affer- 
ents  found  in  albinos  is  similar  to  shifting  the  visual  field  midline 
(0°  meridian)  up  to  20°.  In  the  albino  this  shift  is  analogous  to 
the  effect  of  partial  field  stimulation  in  a  normally  pigmented  sub¬ 
ject.  Changes  in  components  of  the  VEP  of  monocularly  stimulated 
human  albinos  are  similar  to  those  in  the  VEP  of  patients  with  hom¬ 
onymous  hemianopsia  or  localized  unilateral  macular  scotoma  affecting 
the  first  20°  of  the  horizontal  field.  Scalp-recorded  VEPs  detect 
the  abnormal  cortical  projections  in  patients  with  various  types  of 
albinism  reflecting  their  lack  of  a  normal  neuronal  substrate  for 
cortical  binocularity  of  vision. 
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EVENT  RELATED  BRAIN  POTENTIALS  IN  RESPONSE  TO  CONSCIOUS  AND 
NON-CONSC IOUS  STIMULI:  HEMISPHERIC  SPECIALIZATION 
AND  THE  EFFECTS  OF  ATTENTION 


Richard  J .  Davidson 

State  University  of  New  York  at  Purchase 

Two  experiments  were  performed  on  evoked  brain  potentials  in 
response  to  consciously  detected  and  non-conseious  stimuli.  The 
purpose  of  Experiment  I  was  to  determine  whether  selective  attention 
influenced  EPs  to  subthreshold  stimuli.  In  the  first  experiment 
ten  subjects  were  exposed  to  alternatinq  stimuli  in  four  classes: 
above  threshold  auditory  (aa)  and  visual  (av) ,  below  threshold 
auditory  (ba)  and  visual  (bv) .  Incremental  thresholds  were  ob¬ 
tained  for  visual  and  auditory  stimuli.  Subjects  received  the 
following  conditions:  Attend  Auditory  (AA) ;  Attend  Visual  (AV) . 

EEG  was  recorded  from  02,  T4  and  F4.  The  main  hypothesis  tested  in 
the  present  data  is  that  the  amplitude  of  the  EP  in  response  to  un¬ 
conscious  stimuli  will  be  enhanced  durinq  attention  to  the  modality 
of  the  tarqet  stimulus.  The  results  confirmed  the  prediction  for 
visual  stimuli;  in  the  seven  subjects  showinq  an  EP  in  response  to 
bv  stimuli,  N1  at  F4  was  significantly  higher  durinq  AV  versus  AA. 
Although  wo  recorded  from  only  right  hemisphere  leads  in  Experiment 
I,  in  pilot  work  the  T3  EP  to  suprathreshold  stimuli  was  larger 
than  the  T4  EP,  with  the  opposite  obtained  in  response  to  subthresh¬ 
old  stimuli.  Experiment  II  was  desiqned  to:  a)  further  explore 
this  finding;  b)  develop  more  riqorous  psychophysical  methods  for 
characterizing  conscious  and  unconscious  stimuli.  Six  right-handed 
subjects  were  exposed  to  a  two-interval  forced  choice  detection 
paradigm.  Two  standard  tones  separated  by  a  1  sec  interval  were 
presented  binaurally.  Subjects  were  required  to  detect  in  which 
interval  a  40  msec  amplitude  increment  occurred.  The  amplitude  of 
the  increment  was  varied  to  maintain  751.  correct  detection.  Sub¬ 
jects  also  rated  their  degree  of  confidence  in  their  response.  EEG 
was  recorded  from  T3,  T4 ,  F3  and  F4.  For  eacli  subject,  EPs  were 
obtained  in  response  to  correctly  detected  stimuli  and  misses  with 
the  constraint  that  the  moan  amplitude  increment  be  equivalent  for 
both  sets.  The  results  revealed  significant  differences  in  the  N2- 
P3  component  between  hits  versus  misses  for  T3  and  F3  but  not  for 
T4  and  F4.  The  T3  response  to  hits  was  larger  than  that  for  T4 ;  in 
addition,  the  difference  between  hits  versus  misses  was  greater  in 
T3  versus  T4.  Five  of  six  subjects  showed  a  difference  of  greater 
than  2  ;iV  between  hits  versus  misses  in  T3  with  only  one  of  six 
showing  a  comparable  difference  in  T4  (p=.039).  These  findings 
sugqest  that  identical  stimuli,  which  are  detected  versus  missed, 
evoked  different  brain  responses  and  specifically  indicate  that  the 
left  hemisphere  shows  an  enhanced  responsiveness  to  conscious  stim¬ 
uli  compared  to  the  right. 
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CLINICAL  USE  OF’  THE  AIV'  IN  AN  INFANT  INTENSIVE  CARE  UNIT 


P.  A.  Despland,  University  of  California,  San  Diego  and 

R.  Galambos,  University  Hospital  of  Lausanne,  Switzerland 

The  auditory  brain  stem  response  (ABR)  yields  information  on 
both  the  neurological  and  the  audiological  status  of  infants, 
children  and  adults.  We  have  developed  a  procedure  for  extracting 
each  type  of  information  for  separate  study  and  have  applied  it  to 
over  100  premature  infants  (28  to  42  weeks  gestational  age)  in  an 
intensive  care  unit.  The  procedure  is  based  on  these  well  known 
facts:  (1)  the  interval  between  waves  I  and  V  is  constant  at  a 

given  age;  (2)  the  threshold  lies  close  to  that  stimulus  intensity 
where  wave  V  is  smallest  in  amplitude  and  longest  in  latency. 

Using  click  stimuli  at  rates  of  37  or  70  per  second,  we  tiave 
identified  four  infants  with  neurological  disorder,  eleven  with 
audiological  disorder  and  two  with  both.  The  I-V  interval  and  the 
response  threshold  were  considered  to  be  normal  in  91.  For  the 
audiological  cases,  the  clinical  history  was  analyzed  in  an  effort 
to  identify  the  risk  factors  for  hearing  loss  and  estimate  their 
importance . 

Nine  such  factors  were  identified,  and  the  combination  of 
perinatal  hypoxia  and  postnatal  acidosis  appeared  most  frequently. 


THE  EVOKED  POTENTIAL  AS  A  MEASURE  OF  BRAIN  DYSFUNCTION: 

AGING,  DOWN'S  SYNDROME,  ALCOHOLISM,  AMYOTROPHIC 
LATERAL  SCLEROSIS  AND  RENAL  DISEASE 

R.  E.  Dustman,  E.  C.  Bock  and  E.  G.  Lewis 
Veterans  Administration  Hospital 
Salt  Lake  City,  Utah  84148 

In  an  attempt  to  develop  the  evoked  potential  (EP)  technique 
into  a  useful  procedure  for  evaluating  brain  dysfunction,  we  have 
recorded  F.Ps  from  several  hundred  normal  subjects  whose  ages  ranged 
from  the  first  through  the  eighth  decade.  These  data  reveal  strik¬ 
ing  age  related  changes  which  must  be  taken  into  account  when  eval¬ 
uating  patient  populations. 

EPs  recorded  from  66  Down's  syndrome  (DS)  individuals  aged 
5-62  years  were  significantly  larger  than  those  of  normals.  While 
the  EPs  of  normals  clearly  habituated  over  time,  those  of  the  DS 
group  did  not.  The  EPs  of  the  DS  group  did  not  show  age  related 
trends  similar  to  those  observed  in  the  EPs  of  normal  subjects. 
These  findings  support  the  concept  that  deficits  in  central  in¬ 
hibition  characterize  the  DS  brain. 

To  determine  if  alcoholism  promotes  CNS  aging,  twenty  young 
alcoholics,  young  normals  and  normal  oldsters  were  compared  with 
respect  to  EPs,  WAIS  subtests  and  a  battery  of  neuropsychological 
tests.  Despite  a  nearly  forty  year  age  difference  between  the 
young  alcoholics  and  the  oldsters,  the  EPs  and  test  performances 
of  the  two  groups  exhibited  a  surprising  number  of  similarities. 

Amyotrophic  lateral  sclerosis  (ALS)  is  a  chronic,  progressive 
degenerative  disease  which  selectively  destroys  the  motor  system 
from  cortex  to  anterior  horn  cells.  Somatosensory  EP  waves  of  ALS 
patients  were  delayed  and  of  smaller  amplitude  than  those  of 
normals.  We  speculate  that  these  changes  in  somatosensory  EP  waves 
reflect  alterations  of  motor  or  pyramidal  feedback  acting  on  the 
somatosensory  system. 

The  short  term  effects  of  hemodialysis  on  the  CNS  were  as¬ 
sessed  with  ET  and  neuropsychological  test  measures  which  were 
obtained  1,  24,  42  and  66  hours  following  dialysis.  A  highly 
consistent  relationship  between  time  since  dialysis  and  EP 
latency  was  found.  Latencies  were  shortest  at  24  hours  following 
dialysis  and  longest  at  66  hours.  Performance  on  two  tests  of 
visual-motor  speed  and  accuracy  paralleled  the  EP  latency  findings: 
performance  was  best  24  hours  following  dialysis.  The  results 
indicate  that  there  are  consistent  changes  in  the  CNS  as  time  since 
dialysis  lengthens. 


A  NEW  TEST  OE  BRAIN  FUNCTION: 

BRAIN  STEM  TRANSMISSION  TIME  (BTT) 

M.  Fabiani,  H.  Sohmer,  C.  Tait,  M.  Gafni,  R.  Kinarti 

Department  of  Physiology,  Hebrew  University-Hadassah 
Medical  School,  Jerusalem,  Israel 

For  several  years  auditory  nerve  and  brain  stem  responses  (BSR) 
have  been  used  routinely  in  auditory  diagnosis  to  give  objective 
information  regarding  both  hearing  threshold  and  site  of  lesion. 
Recently  the  value  of  BSR  in  neurological  diagnosis,  lesion  local¬ 
ization  and  psychopathology  has  been  demonstrated.  One  of  the 
characteristic  electrophysiologic  response  deviations  observed  is 
prolonged  response  latency  of  later  waves  which  is  best  quantified 
by  measuring  the  time  interval  between  the  latency  of  the  first  re¬ 
sponse  wave  (N)  and  a  certain  late  brain  stem  response  wave.  This 
measure  has  been  called  brain  stem  transmission  time  (BTT) .  The 
purpose  of  this  study  was  to  describe  BTT  as  a  recorder  in  normal 
subjects  under  various  conditions.  BTT  was  recorded  in  normal  sub¬ 
jects  in  several  age  groups  from  neonates  to  late  childhood-adulthood 
and  under  several  stimulus  conditions. 

BTT  is  the  time  interval  between  the  peak  of  compound  auditory 
nerve  response  (wave  1)  (the  input  to  the  brain  stem)  and  the  trough 
of  the  earlobe  positive  wave  generated  in  the  region  of  the  inferior 
colliculus  (output)  BTT  is  longest  in  neonates  and  approaches  adult 
values  at  the  age  of  three  years.  BTT  is  relatively  independent  of 
click  intensity,  conductive  (middle  ear  lesion)  hearing  loss,  click 
rate  (except  for  high  click  rates)  and  click  frequency  (filtered 
clicks) . 

This  finding  that  for  a  given  age  group,  BTT  is  generally 
independent  of  most  stimulus  conditions,  makes  it  a  useful,  func¬ 
tional  test  of  brain  stem  activity  in  audiology,  neurology  and 
psychopathology . 


EQUIVOCATION  IN  PREDICTION  VERSUS  NO-PRE1) H’TION  SCHEDULES: 

EFFECTS  ON  ERSP  MEASURES 

B.  Fenelon  and  B.  Frost 
University  of  Newcastle,  Australia 

The  classical  CNV  paradigm  involves  a  static  Sl-SJ  relation¬ 
ship  which  is  an  inadequate  analog  of  real-life  learning  situations 
in  which  anticipations  and  expectancies  are  developed.  The  PJOO 
component  may  more  plausibly  be  associated  with  imperative  events 
and  antecedent  psychological  factors. 

Six  experiments  were  performed  in  a  series  on  ttie  same  subjects 
(N-14  adults,  half  strongly  dextral ,  half  strongly  sinistral) . 

Three  paradigms  were  employed:  1)  prediction-response  to  accuracy 
of  prediction;  2)  prediction-response  to  accuracy  of  stimulus  se¬ 
quence;  1)  no  prediction-response  to  accuracy  of  stimulus  sequence. 
Four  experiments  involved  analysis  or  synthesis  of  simple  geo¬ 
metrical  figures;  the  other  two  involved  presentation  of  alphabetic 
series.  The  differential  motor  response  of  the  subject  followed  SI. 

Preliminary  ANOVA  results  (for  sites  iv4 ,  iP3  only)  indicate 
that  S2-S3  negativity  (CNV)  varies  greatly  between  schedules.  For 
certain  conditions  in  interaction  there  are  significant  handedness 
groups  differences,  and  these  groups  also  differ  in  interhemispheric 
response . 

The  difference  between  hemispheres  in  post-Sl  positivity  (P300) 
(right  hemisphere  amplitude  greater  than  left)  is  higher  when  the 
sequence  of  stimulation  is  incorrect  than  when  it  is  correct.  Post- 
Sl  positivity  (P300)  is  significantly  small  in  the  alphabetic 
schedule  compared  with  t lie  other  paradigms.  Overall,  the  amplitudes 
of  this  component  for  correct  versus  incorrect  outcome  sequences, 
interact  with  the  nature  of  the  schedule. 

These  preliminary  results  show  that  the  magnitude  of  ERSP  com¬ 
ponents  is  much  affected  by  stimulus-organism-response  factors, 
singly  and  in  interaction,  which  are  omitted  from  many  experiment¬ 
al  designs. 
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THE  UTILITY  OF  ERPs  IN  DETERMINING  AGE- RELATED  DIFFERENCES 


Judith  M.  Ford  and  Adolf  Pfefferbaum 
Langley  Porter  Neuropsychiatric  Institute, 

University  of  California,  San  Francisco,  Ca.  941*43 

ERPs  provide  unique  information  about  age  related  neural  and 
cognitive  deficits.  ERPs  are  better  than  behavioral  techniques 
alone  because  they  can:  (1)  be  recorded  to  both  unattended  and 
attended  stimuli;  (2)  be  recorded  from  subjects  performing  no 
task;  (3)  supplement  reaction  time  (RT)  measures  for  estimating 
timing  of  different  mental  events.  We  describe  three  experiments 
in  which  ERPs  were  used  in  these  ways  to  compare  young  (20-29  years) 
to  old  (74-89  years),  non-senile,  extraordinarily  healthy  women. 

To  determine  if  elderly  subjects  can  ignore  irrelevant  auditory 
stimuli  and  detect  target  stimuli,  we  used  a  technique  devised  by 
Hillyard  et  al.  (1973).  Tire  results  for  N1  reflected  that  both 
groups  could  attenuate  irrelevant  stimuli,  while  the  results  for  P3 
indicated  that,  although  elderly  subjects  could  identify  targets, 
they  were  slower  than  were  young  subjects. 

To  demonstrate  age  related  neural  differences  without  demanding 
task  involvement  we  recorded  ERPs  to  four  tone  intensities  from 
passive  subjects.  The  amplitude  of  Nl  increased  with  intensity  for 
young  and  old  subjects.  The  amplitude  of  P2  increased  with  intensity 
for  young  but  decreased  for  old  subjects.  The  amplitudes  of  an  early 
peak  (PI)  and  a  late  sustained  potential  were  more  negative  in  young 
than  in  old  subjects. 

To  estimate  separately  the  speed  of  some  mental  processes,  we 
used  both  RT  and  the  latency  of  P3  to  the  target  in  a  Sternberg 
task.  On  each  trial,  subjects  received  a  memory  set  of  1-4  digits 
followed  by  a  target  digit.  Subjects  pressed  one  of  two  buttons 
indicating  whether  the  target  was  a  member  of  the  memory  set.  RT 
P3  latency  to  the  target  were  increasing  linear  functions  of  the 
number  of  items  in  the  set.  Some  of  the  slopes  and  intercepts  of 
these  functions,  the  mental  processes  they  may  reflect  and  the  time 
taken  to  complete  the  processes  for  old  and  young  are  listed  in  the 
t  ab  1  e  be  1  ow . 


Pi  Latency  P?  Latency  RT-P3  Latency 
KT  Intercept  Slope  Intercept  Intercept 


Hypot  hot  •. ca i 

mental  Encoding 

processes  Motor 

Time  to  complete 
t  he  process : 

eld  1 QJ8  ms 

Young  720  ms 


Memo  ry  Encod i ng 

Scanning 


27  msec  digit  44S  msec 
."‘i  msec  digit  msec 


r'S2  msec 
V'O  msec 
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APPLICATION  OF  ERPs  IN  THE  STUDY  OF  DRUG  USE  AND  ABUSE  IN  MAN: 

A  CLOSE  LOOK  WITH  MORE  SENSITIVE  TASKS 
AND  MEASU REMENT  TECHN 1  Ql) ES 

Ronald  I.  Horning,  Ph.D.  and  Reese  T.  Jones,  M.D. 

Langley  Forte r  Institute,  Department  of  Psychiatry 
University  of  California,  Son  Francisco 
San  Francisco,  California  94143 

Components  of  the  sensory  evoked  response  later  than  75  msec  are 
limited  to  processes  other  titan  pure  sensory  stimulus  reception. 
Although  there  is  some  disagreement  as  to  the  exact  nature  of  this 
process (os),  as  well  as  which  component (s)  appears  to  reflect  which 
process les),  there  is  no  doubt  that  these  latter  components  involve 
an  evaluation  of  the  stimulus  at  some  level,  and  can  be  dependably 
altered  by  slight  psychological  manipulations.  The  components  in 
75  to  J50  msec  range  are  also  altered  by  a  variety  of  psychoactive 
drugs.  Most  often  these  midrange  components  are  decreased  by  de¬ 
pressants  and  increased  by  stimulants.  However,  the  effects  of  few 
drugs  have  been  studied  on  components  later  than  J50  msec  in  paradigms 
designed  to  maximize  these  components. 

Drugs  are  often  abused  for  their  psychoactive  properties.  Are 
these  altered  perceptual  states  detectable  and  quantifiable  by  ERF 
methods  on  other  than  the  sedation  continuum?  Do  abused  drugs  have 
some  common  effect  on  the  ERP?  To  answer  these  questions,  we  have 
studied  the  effects  of  single  doses  of  alcohol,  hexobarbi tal ,  THC 
(marijuana),  nicotine  and  morphine  on  the  auditory  ERFs  of  normal, 
healthy  adults  performing  the  oddball  tusk.  For  all  drugs  except 
alcohol,  the  ERPs  were  recorded  at  times  of  maximal  drug  effects. 

All  drugs  produced  a  dt'crease  in  P300  of  the  auditory  response  to 
the  rare  tone.  Table  1  lists  the  percentage  decrease  from  pro  or 
control  for  each  of  the  drugs.  These  and  possibly  other  psycho¬ 
active  drugs  alter  or  reduce  the  cortical  processing  of  rare  occur¬ 
ring  stimuli. 


Table  1 


Drug 

Dose 

Test  Time 

After  Dose 

*  Dec  l  ease 
at  P2 

Ethane  1 

1  ml /kg  Oral 

-’.5  hr 

9%  ] 

Morphine 

.14  mg /kg  I . M . 

45  min 

ltH 

Hexobarbi tal 

500  mq  Oral 

.i  hr 

20* 

Nicot ine 

One  "Camel" 

At  end  of  smoking 

21% 

THC 

10  mg  THC  Smoked 

15  min 

30* 

AUDITORY  EVOKED  POTENTIALS  AND  PSYCHOPHYSICAL  PARAMETERS 
IN  CIRCADIAN  STUDIES 


0 .  A.  Kerkhof  and  J.  H.  Werner 
Department  of  Physiology  and  Department  of  Psychology 
University  of  Leiden,  Leiden,  The  Netherlands 

In  the  past  few  years  there  has  been  increasing  evidence  of  a 
close  relationship  between  detection  behavior  and  the  averaged 
evoked  potential  (AEP)  and  the  importance  of  nonsensory,  as  well  as 
sensory,  factors  has  also  been  established  (Hirsh,  S.K.,  Psychon. 
Sci^,  1971 ,  22,  173-175).  The  relationship  between  these  nonsensory 
factors  and  the  P3  component  has  been  studied  chiefly  within  the 
context  of  the  Theory  of  Signal  Detectability  (Hillyard,  S.A.  et  al. , 
Science ,  1971,  172,  1357-1360).  With  respect  to  circadian  variation 
in  auditory  psychophysical  performance  and  related  AEPs,  the  results 
are  not  unequivocal  (Conroy,  R.T.W.L.  and  Mills,  J.M.,  Human  Circa- 
^ Rhythms .  J.  and  A.  Churcill:  London,  1970)  .  The  main  objective 
of  the  present  study  is  to  clarify  this  problem. 

In  three  diurnal  studies  (10.00  and  19.30  h)  we  employed  yes/ 
no  ratings  and  2AEC  procedures.  The  subject  had  to  judge  whether 
or  not  a  burst  ot  white  noise  contained  a  weak  sinusoidal  signal. 

No  evidence  was  found  for  diurnal  fluctuations  of  perceptual  sensi¬ 
tivity,  response  bias,  P3  amplitude  or  the  relationships  between 
the  two  detection  parameters  and  P3.  We  also  conducted  an  around- 
the-clock  experiment  involving  a  rating  task  at  four  different 
times  of  the  day  (04.00,  10.00,  16.00  and  20.00  h) .  The  AEPs  were 
analyzed  by  principal  components  analysis.  For  some  components 
slight  but  significant  effects  were  found.  In  current  data  analysis, 
particular  attention  is  given  to  the  relationship  between  single 
EPs  and  detection  behavior  by  the  use  of  multivariate  analysis  pro¬ 
cedures;  latency  characteristics  of  the  single  EPs  as  well  as 
alternative  detection  parameters,  are  under  investigation.  Our 
present  approach  is  directed  at  characterization  of  detection  and 
performance  in  terms  of  perceptual  sensitivity  and  response  bias 
on  the  basis  of  single  EPs.  This  should  enable  us  to  establish 
short-term  changes  in  neurophysiological  correlates  of  detection 
behavior . 
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EFFECTS  OK  METUYU’HENIDATE  ON  HYPERACTIVE  CHILDREN'.-: 

EVOKED  RESPONSES  DURING  E’ASSIVE  AND  ACTIVE  ATTENTION 

K.  Klorman,  L.  F.  Salzman,  II.  1..  Pass , 

A.  D.  Boiajste.it  and  K.  B.  Dainer 
University  of  Rochester 

Tiiis  Study  was  aimed  at  assessing  the  effects  of  methylpheni- 
date  on  hyperaot ives '  evoked  responses  (KRK)  and  performance  in 
the  Continuous  Performance  Test  (CPT) .  Eighteen  hyperactive  boys 
were  removed  from  methv lphen idate  treatment  for  b-51  days  and  were 
tested  in  two  different  sessions  in  which  they  received  methylpheni- 
date  (O.J  mg/kg)  and  placebo  in  multiple  blind  fashion  and  counter¬ 
balanced  order.  In  addition,  seventeen  normal  boys  were  tested 
w i thou t  .it ugs .  For  both  samples  vertex-derived  evoked  potentials 
were  recorded  to  th.  fifty  go-  and  the  fifty  preceding  no-go  stimuli 
of  the  .  PI .  when  the  task  was  administered  without  a  reguirement 
to  respond,  there  were  no  electrophysiologic  differences  between 
hyperactive  and  normal  children. 

In  the  active  CPT,  normal  children  made  fewer  errors  of  omis¬ 
sion  (F(l/31)  18.06,  p  ■  . 001 )  and  commission  iF <1 f 31)  =  11 . 27  , 

£  -  .001)  and  displayed  faster  reaction  times  (F (1/31) =6 . 33 ,  £  s 
•  005 )  than  hyperaot ives  tested  under  placebo.  7n  addition,  the 
late  positive  component  (LPC;  F320)  of  the  evoked  responses 
evoked  by  both  go-  and  no-go  stimuli  was  smaller  in  placebo  treat¬ 
ed  hyperactives  than  in  normals  (F  ( 1/31)  =5.47,  ^  .05).  Methyl- 

phenidate  increased  the  amplitude  of  hyperaot ives '  LEV  (F ( 1/1 3 ) 

4.8B,  p  •-  .05)  and  ameliorated  their  performance,  especially 
commission  errors  (F(l/13)  5.55,  p  .05)  and  reaction  times 
(FC1/13)  4.69,  p  ■■  .05).  These  results  confirmed  previous  find¬ 
ings  of  normalization  by  methylphenidate  of  hyperactives ' 
performance  and  electrophysiologic  activity  during  active  attention. 
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IWKLP  POTENTIALS  IN  Sl'Nll.L  PKMKNT I A 

Ut'ii'  ian,  .i.-M.  O.i  i  1  1  aid ,  t,’..  P.t  uiu4!  ,  II. 

A.  Lohi  iiuis,  ,1.  Kt'ujtu'r,  J.  W«*t  t  lu'  iiium 
hsyehi  .it  i  y  ,  University  "I  bans. nine  ,  Swi  t  :-.oi  Kind 

In  otdet  I,,  ova  l  u. it  *'  I  In-  mod  i  t  ir.it  ions  ol  hi. tin  evoked  i  espouse:; 
in  senile  .lenient  in  we  pet  tonne. 1  two  stu.lies. 

1,1  1  *»•  t  list  one,  visual  evoke. 1  responses  (VT.I-i)  lo  I  lashes  were 
ieeoi.le.1  at  oeeipital  It'.-.)  an.l  vet  t  ex  It/)  lea.ls  in  twelve  patients 
sn!  !  el  in. t  t  i  otn  seven-  senile  .lenient  ia  ami  twelve  yoiin.)  nontial  adults. 
Wheieas  the  oeeipital  t  espouses  wen-  rut  lint  sinulat  m  the  two  .poups, 
vet  t  ex  i espouses  wen-  ot  lowei  amplitude  m  patients  than  in  eon- 
t'ols  -tt'd  '"Hint  lilies  wen-  hardly  >1  i  see  t  n  i  h  1  e .  Thereloie,  the  vertex 
l  espouses  to  ll.ish.es  seemed  to  he  impaired  in  sen  i  dementia. 

In  onlei  t  o  1  tilt  hei  eluei.iate  this  t  inditi.)  and  t  o  obtain  a  eon 
ttol  dioup  in.  it  e  In'.  1  toi  a*ie,  we  petlorined  a  seeon.l  study  an  ten  pa¬ 
tient-:  suite!  in.)  t  i  oiti  simple  senile  dement  ia  (SP;  mean  a.|e  }!  t .  ,| 
ye. ns',  seven  patients  sulteiin.i  t  l  otn  A  l  .'die  inlet  '  s  disease  ol  senile 
dementia  evolving  t  ow.il  ds  an  Al.-heimei  eondition  (Ah;  mean  a.ie 

V-"  •  Tlu-  ••xpeiinient.il  pt  oeedui  e  was  sintilai  to  that  us.ed  in 

the  pieee.lent  study;  in  add  1 1  ion,  we  invest  i.jat  e.l  the  t  espouses  to 
au.litoiy  stimuli  l.APKI.  The  analysis  ol  the  u-snlls  levealed  that 
tn  (he  vet  (ex  V  fvh’s  presented  a  unite  1  alula  id  .-onl  i. iui.it  ion,  hilt 

with  lou.iet  l.iteneies  and  .ireatei  Intel  individual  variability  than 
Hi  eonl  to  Is.  In  Ab  the  veitex  Vl-Ks  wei  e  not  diseeinible,  the  N1  P.’ 

eomponent  beiiu]  leplaeed,  on  the  .pain  mean  (obtained  by  aveia.nnu 
al,  1  espouses  ot  all  patients),  by  a  positive  wave  ot  low  amplitude. 

.’n  the  ot  hot  hand,  the  veitex  AIKs  wi-ie  present  m  all  subieets, 
the  l.iteneies  be  inn  lon.iei  m  patients  than  in  eontrols.  Theta-tore, 

111  AP  tin-  veitex  VKK  is  missttui,  while  tile-  veitex  AIK  is  pteseived. 
Ap'i't  1  1  "I”  >ls  elinie.il  i  nip  1  i  eat  i  on. ,  this  tindin.i  puts  into  .|uestion 
the  .ioiiei.il  ly  admitted  opinion  ol  the  notispee  1  I  i  e  1 1  y  ot  the  vertex 
I  'spouse. 
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ELECTROPIIYSIOLOGICAL  AND  BIOCHEMICAL  STUDIES 
IN  AUTISTIC  CHILDREN  TREATED  WITH  VITAMIN  BE 

G.  Lelord,  J.  !'.  Muh,  J.  Martineau,  B.  Garreau  and  S.  Roux 
School  of  Medicine,  37032  Tours,  Franco 

Previous  studies  have  indicated  that  certain  autistic  children 
are  favorably  influenced  by  vitamin  Bn  (Kitnland  B.,  Callaway,  K. 
and  Dreyfus  P.  ,  Am.  J.  F'sychiat  .  ,  1078,  135,  472-475).  Our  recent 
laboratory  study  of  forty-four  autistic  children  disclosed  fifteen 
who  were  improved  by  1  urge  doses  of  HO .  In  add  it  ion,  marry  ot  these 
children  showed  a  large  decrease  irr  tire  excret  ion  of  urinary 
homovanillie  acid  during  the  Bo  treatment. 

A  study  of  event  related  potentials  (l’.RP)  irr  some  of  these 
children  has  been  carried  out  before  and  during  the  treatment  with 
Bo.  Thirteen  autistic  children  (average  age,  4.5  years)  and  eleven 
normal  children  (10  years)  were  recorded.  Following  a  classical 
conditioning  paradigm,  :  mnd  (1  KHz,  25  dB,  4  msec)  was  used  as  the 
conditional  stimulus  and  light  (1  200  Lux,  0.1  msec)  as  the  uncon¬ 
ditional  stimulus.  Interstimulus  interval  was  800  msec.  Evoked 
potentials  (ET)  were  recorded  from  the  vertex  and  from  the  occiput 
and  measured  in  three  windows:  0-100  msec  (early  El’),  100-400  msec 
(medium  EP) ,  400-800  msec  (late  EP) . 

Before  treatment,  early  EP  were  larger  (p<.05),  and  medium  EP 
smaller  (p>-.001),  at  the  vertex  in  autistic  children.  Late  negative 
EP  percentage  was  higher  (p<.05)  in  normal  children.  Be  treatment 
reduced  early  EP  (p--.02),  enhanced  medium  EP  (p<.01)  and  increased 
negative  EP  percentage  (p<.05)  in  autistic  children.  The  reduction 
in  homovanillie  acid  excretion  was  observed  only  in  the  autistic 
children  and  not  in  the  normal  children.  Thus,  a  tendency  to  normal 
ization  of  e  loot  rophys  iologioa  1  a:;  well  as.  biochemical  data  was 
observed  in  autistic  children  under  vitamin  B6  treatment. 

Supported  by  ONES ,  E.R.A.  607,  INSERM  ATP  78-07;  DURST,  DNP  38-78. 
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VISUAL  EVENT  RELATED  POTENT I ALS  01-'  PILOTS  AND  NAVIGATORS 


G.  W.  Lewis 


Navy  Personnel  Research  and  Development  Renter 
San  Diego,  California  92152 

Recent  research  suggests  relationships  between  hemisphere 
lateral  asymmetry,  habituation  and  occupational  performance.  This 
center  is  evaluatinq  these  hypotheses  on  several  Navy  oeeupat  iotial 
groups.  The  present  study  is  based  on  analyses  of  VKKP  data  and 
information  processing  task  performance  of  a  group  of  58  aviators 
from  a  Navy  fighter  squadron  (28  pilots,  JO  navigators).  Right 
channels  of  VERP  data  (F3,  K4,  C3,  t'4 ,  P3,  P4 ,  OJ  ,  02)  were  ac¬ 
quired  by  a  NOVA  2  computer  acquisition  system  installed  in  a  mobile 
laboratory  parked  inside  the  squadron  hangar.  Technical  problems 
encountered  in  this  operational  environment  will  he  discussed.  A 
simple  recognition  information  processing  task  was  performed  py 
each  subject  prior  to  VERP  acquisition.  The  pilot  group  consisted 
of  thirteen  instructors  and  fifteen  students.  Amplitude  variates 
(uvrms)  at  CJ  (R  6.53,  dR  l,5b,p<.02)  and  1’3  (R  5.28,  dR  l,55,p--.05) 
discriminated  pilots  from  navigators.  Seventy-one  percent  o!  avi¬ 
ators  were  correctly  classified  (X*  8 . 35  ,p-- .  01 )  .  G3  amplitude  was. 
less  than  G4  within  he  navigator  group  (t  3.10,  dR  58, p-  .01),  but 
not  within  the  pilot  group.  Total  hemisphere  asymmetry  (R  5. ''4, 
dR  1,56,  p-  .018),  site  (R  186.88,dR  3  ,  U>8 ,  p-  .001)  and  hemisphere 
asymmetry-by-site  interaction  (R  3.41,dE=3,let3,  p--.019)  were  signi¬ 
ficant  for  all  subjects.  VERP  habituation  was  assessed  by  comparing 
VERPs  of  the  first  fifty  flashes  with  the  second  fifty  flashes. 
Habituation  was  statistically  significant  (R  5.98,dR  1 , 27 ,p< . 02 1 ) 
for  instructors,  but  not  students.  No  reaction  time  differences 
in  information  processing  were  found  between  the  groups.  The  pilots 
and  navigators  were  placed  in  a  high  or  low  group  based  on  perfor¬ 
mance  ratings;  I'4  was  greater  than  I'J  amplitude  for  the  high  group 
pilots,  I' 3  was  greater  than  l’4  amplitude  foi  the  lows.  I'J  was 
greatei  than  1’4  amplitude  for  the  high  group  navigators,  while  R4 
was  greater  than  P  3  amplitude  for  the  lows.  Asymmetry  (K-l.)  stan¬ 
dard  deviations  (SDs)  were  greater  for  both  low  pilot  and  navigate; 
groups  than  for  the  high  groups.  The  SDs  were  greatei  in  the 
parietal-occipital  areas  than  in  frontal-central  areas  for  the 
low  groups.  Other  Navy  groups  have  shown  similat  VERP -per I  ormanec 
relationships,  low  performers  having  greatei  VERP  SDs  than  high 
performers  (e.g.  trainees  on  a  sonai  simulator). 


EFFECTS  OF  SLOW  CORTICAL  POTENTIALS  ON  REACTION  TIME 
W.  Lutzenberger ,  T.  Elbert,  B.  Rockstroh,  N.  Birbaumor 
University  of  Tubingen 

The  relationship  between  slow  cortical  potentials  (SCP)  and 
response  latency  was  investigated  by  inducing  different  shifts  of 
SCP:  visual  feedback  of  SCP  was  provided  by  means  of  a  little  sketch¬ 
ed  rocket  moving  across  a  television  screen  into  one  of  two  goals 
during  intervals  of  six  seconds  each:  subjects  were  asked  to  direct 
the  rocket  into  one  of  the  goals  depending  on  one  of  two  signal  tones 
which  were  presented  in  randomized  order. 

In  the  present  experiment  consisting  of  two  identical  sessions, 
series  of  reaction  time  trials  alternated  with  series  of  feedback 
trials;  during  reaction  time  trials  subjects  heard  the  same  signal 
tones  as  during  the  feedback  trials  and  were  additionally  asked  to 
escape  an  aversive  noise  following  the  signal  tones  by  pressing  a 
microswitch  with  their  dominant  (right)  hand.  Two  groups  of  ten 
subjects  each  were  investigated,  one  group  receiving  feedback  of 
C4-recording  of  SCP,  the  other  group  receiving  a  C3-feedback. 

Results  demonstrate  that  subjects  achieve  significant  instru¬ 
mental  control  of  SCP.  During  feedback  intervals  negative  shifts 
were  more  pronounced  in  the  right  hemisphere  (C4)  than  in  the  left 
(C3) .  The  better  control  of  SCP  was  achieved  under  conditions  of 
C4-feedback.  This  result  can  be  explained  by  the  hypothesis  that 
our  feedback  -  spatial  representation  -  was  processed  in  the  right 
hemisphere.  In  reaction  time  trials  both  groups  showed  pronounced 
differences  in  SCP  between  required  negativity  and  required  posi¬ 
tivity.  After  feedback  training,  response  latency  was  significantly 
shorter  in  trials  with  required  negativity.  An  analysis  of  covari¬ 
ance  for  response  latency  with  C3-  or  C4-scores  respectively  as  co¬ 
variate  provided  significant  regression  constants  in  both  groups 
only  for  C4  (riqht  hemisphere) .  This  does  not  support  a  motor 
hypothesis  which  would  sugqest  that  differences  in  SCP  recorded 
from  sensorimotor  areas  (interpreted  as  motor  potentials)  are 
responsible  for  differences  in  response  speed.  Interpreting  SCP 
as  sign  of  (readiness  for)  information  processing  would  also 
suggest  that  differences  in  response  speed  -  as  observed  in  the 
present  reaction  time  task  -  may  be  due  to  differences  in  SCP  but 
not  necessarily  due  to  differences  recorded  from  the  primary  motor 
areas  of  the  right  hand. 
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EFFECT  OF  SOUND  PRESSURE  DIRECTION  AND  FREQUENCY 

SPECTRUM  OF  CLICKS  ON  DRAIN  STEM  RESPONSES  IN  CHILDREN 

Edward  M.  Ornitz 

Both  immaturity  and  liiqh  frequency  hearing  loss  increase  dif¬ 
ferences  in  brain  stem  responses  to  rarefaction  and  condensation 
clicks.  Recent  reports  suggest  abnormal  brain  stem  responses  to 
combined  rarefaction  and  condensation  clicks  in  autistic  and  other 
deve lopmenta 1 ly  disabled  children.  Because  of  these  developments, 
a  parametric  study  of  the  influence  of  both  the  direction  of  sound 
pressure  and  the  frequency  spectrum  of  click  evoked  acoustic  stim¬ 
uli  on  brain  stem  responses  in  children  seem  advisable.  Brain  stem 
responses  to  four  types  of  acoustic  stimuli  were  collected  from  nine 
normal  and  six  autistic  children.  The  stimuli  were  either  rarefac¬ 
tion  or  condensation  clicks  with  peak  acoustic  energies  of  either 
1150  Hz  or  5000  Hz.  All  clicks  were  monaurally  delivered  at  a  rate 
of  10/sec  at  68  dB  (111,)  .  Responses  were  recorded  from  a  vertex  to 
ipsilateral  mastoid  derivation.  The  peak  latencies  of  vertex  posi¬ 
tive  waves  I,  II,  III,  IV  and  V  and  brain  stem  transmission  time 
were  measured  in  response  to  each  of  the  four  types  of  clicks  sep¬ 
arately.  Significant  interactions  between  the  influence  of  the 
direction  of  sound  pressure  and  the  peak  acoustic  energy  of  the 
stimulus  occurred.  Rarefaction  (R)  clicks  induced  a  significantly 
earlier  wave  IV  response  than  did  condensation  (C)  clicks,  regard- 
loss  of  peak  acoustic  enerqy,  while  wave  I  and  wave  II  latencies 
were  significantly  earlier  in  response  to  R  than  to  C  clicks  only 
at  the  higher  peak  acoustic  energy.  The  C-R  difference  was  signifi¬ 
cantly  greater  in  response  to  the  5000  Hz  than  to  the  3150  Hz  clicks 
for  wave  II.  Five  thousand  Hz  clicks  induced  a  significantly  later 
wave  II  response  than  did  3150  Hz  clicks  for  C  clicks  and  a  signifi¬ 
cantly  earlier  wave  II  response  for  R  clicks.  There  were  no  such 
differences  in  respect  to  the  other  peaks  when  responses  to  C  and  R 
clicks  were  computed  separately.  On  the  other  hand,  when  the  re¬ 
sponses  to  C  and  R  clicks  were  algebraically  combined  in  the  computer 
(as  is  common  practice),  these  differences  were  not  seen  while  the 
latency  of  wave  IV  was  significantly  later  in  response  to  5000  Hz 
clicks  than  to  3150  Hz  clicks.  The  latter  finding  was  not  reflected 
in  differences  associated  with  separate  computations  of  responses  to 
R  and  C  clicks.  These  results  suggest  that  the  practice  of  combin¬ 
ing  brain  stem  responses  to  R  and  C  clicks  may  be  misleading  in  some 
applications  and  that  it  is  necessary  to  know  the  acoustic  character¬ 
istics  (frequency  spectrum)  of  the  click  stimulus.  On  the  other  hand, 
brain  stem  transmission  time  was  relatively  unaffected  by  sound  pres¬ 
sure  direction  or  acoustic  frequency  spectrum.  These  results  were 
utilized  in  a  comparison  of  brain  stem  evoked  response  parameters  in 
normal  and  autistic  children.  Recently  reported  latency  differences 
and  differences  in  brain  stem  transmission  time  were  not  confirmed. 
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RELATIONS  BETWEEN  CONTINGENT  NEGATIVE  VARIATION 
AND  BEHAVIOR  UNDER  PSYCHOACTIVE  DRUGS  IN  MAN 

J.  Paty,  M.  Gioux,  G.  Boulard,  Ph.  Brenot,  Ph.  Deliac,  B.  Claverie, 

J.  M.  A.  Faure 

Department  of  Experimental  Medicine  and  Physiopathology 
University  of  Bordeaux,  France 

We  have  tested  the  reliability  of  the  contingent  negative 
variation  (CNV)  as  an  index  for  behavioral  evaluation  under  psycho¬ 
active  drugs  in  fifteen  voluntary  subjects.  Statistical  analysis 
was  performed  of  the  relevant  relationships  between  electrophysio- 
logical  parameters  [amplitudes  of  the  pro- imperative  negativity  (N) 
and  of  the  piost-imperative  positivity  (P)]  and  reaction  time  (RT)  . 

Five  conditions  were  studied:  (1)  Standard  (S1-L2)  ,  p>aired 
stimulations  of  a  conditioning  sound  (SI)  and  an  imperative  light 
(L2)  with  motor  response;  (2)  Disagreeable  (S1-E2,  with  an  electric 
shock  as  an  imperative  stimulus;  (3)  Uncertainty  (S1-?)  with  a 
randomized  suppression  of  the  imperative  stimulus  and  a  separate 
averaging  of  complete  and  incomplete  sequences;  (4)  Positive 
Reinforcement  (S1-L2-RT)  by  indicating  RT;  (5)  Negative  Reinforcement 
(S1-L2-E3)  with  an  electric  shock  when  RT  was  too  long. 

In  five  patients  CNVs  were  studied  during  three  sessions  before 
and  after  administration  of  chlorpromazine  (CP)  10  mg,  morphine  (Mo) 

1  eg  or  placebo  (PI)  (intravenous  injection) . 

In  ten  patients  CNV  were  recorded  during  three  sessions,  after 
oral  administration  of  a  benzodiazepine  (lorazepam  -  Lo;  diazepam  - 
Di)  or  placebo  (PI).  Placebo  effect  was  seen  only  after  intravenous 
injection  (low  increase  of  amplitude  and  greater  dispersion  of  RT)  . 

CP  and  Mo  modified  the  CNV  in  all  the  situations.  There  were 
increased  N  and  P  amplitudes  of  CNV  and  increased  RT  with  CP.  Under 
Mo,  RT  was  unchanged  while  CNV  decreased,  then  disappeared  with 
reversal  after  45  minutes.  CNV  and  RT  changes  after  Di  and  Lo  were 
selective,  only  seen  in  reinforcing  conditions  (increased  N,  de¬ 
creased  P  waves  of  CNV  and  increased  RT  as  compared  to  the  standard 
conditions) . 

Those  data  suggest  that  there  is  no  linear  relation  between  CNV 
amplitudes  and  RT.  Further  CNV  studies  for  the  evaluation  of  psycho¬ 
active  drugs  must  be  referred  to  individual  psychometric  tests. 


EVOKED  POTENTIAL  ABNORMALITY  AND  DISABILITY 
IN  BRAIN  DAMAGED  PATIENTS:  A  REPLICATION  STUDY 
AND  PRELIMINARY  FINDINGS  IN  RELATION  TO  OUTCOME 

M.  Rappaport,  K.  Ball,  K.  Hopkins,  T.  Belleza, 

S.  Berrol  and  R.  Hamilton 
University  of  California,  San  Francisco 

Evoked  potentials  were  obtained  in  a  clinical  setting  from 
brain  damaged  patients  (with  head  injury  and  other  types  of  CNS 
damage)  using  auditory,  visual  and  somatosensory  stimuli.  Brain 
stem  and  cortical  responses  were  judged  for  degree  of  evoked  poten¬ 
tial  abnormality  (EPA) . 

Correlations  between  EPAs  and  initial  disability  ratings  for 
brain  damaged  patients  (N=92)  were  positive  and  significant.  Find¬ 
ings  in  this  study  replicate  those  previously  reported.  In  addition, 
the  EPA  rating  procedure  was  tested  and  found  to  have  significant 
inter-rater  reliabilities.  It  is  concluded  that  El’A  ratings  can  be 
used  to  aid  in  the  assessment  of  the  clinical  condition  and  degree 
of  overall  brain  dysfunction  in  brain  damaged  patients  at  all  levels 
of  consciousness. 

In  a  selected  sample  of  head  injury  patients  (N  30)  a  signifi¬ 
cant  relationship  was  found  between  extremes  of  El'A  score  and  even¬ 
tual  outcomes.  These  are  preliminary  findings  and  require  replication 

Evoked  potentials  representing  cortical  activity  were  found  to 
be  the  most  informative  in  reflecting  overall  brain  functional  status. 
The  major  components  of  these  EPs  have  been  shown  by  others  to  be 
related  to  basic  cognitive  functions  such  as  habituation  and  atten¬ 
tion.  It  is  felt  that  the  degree  to  which  these  higher  level  brain 
functions  are  preserved  indicate  a  patient's  potential  for  positive 
outcome. 

The  need  for  further  refinement  in  F.P  testing  procedures  and 
in  the  method  of  utilizing  combined  EP  and  other  pertinent  clinical 
data  to  improve  prediction  of  outcome  is  indicated  by  cases  with 
paradoxical  outcomes. 


ELECTRGCORTICAL  MANIFESTATIONS  OF  COMPLEMENTARY 
HEMISPHERIC  SPECIALIZATION  IN  AN  EXPECTANCY  TASK 


Charles  S.  Rebert,  Roland  C.  Lowe  and  Jean  M.  Hatchel 
SRI  International 
Menlo  Park,  California 

Subjects  were  tested  in  a  cued  reaction  time  (RT)  task  wherein 
warning  stimuli  (WS)  were  briefly  presented  as  five  letter  words  or 
dot  patterns  randomly  intermixed  across  trials.  After  2  sec,  an 
imperative  stimulus  (IS)  of  the  same  category  as  the  WS  appeared, 
and  the  subiects  pressed  a  key  with  the  left  or  right  hand.  The 
right  key  was  pressed  if  the  IS  word  was  a  synonym  of  the  WS  word 
or  if  the  IS  dot  pattern  was  the  same  as  the  WS  pattern,  and  the 
left  was  pressed  for  antonyms  or  different  patterns.  It  was  pre¬ 
dicted  that  CNVs  would  be  larger  over  the  left  than  right  hemi¬ 
sphere  on  word  trials  and  vice-versa  on  pattern  trials  in  accordance 
with  speculations  concerning  hemispheric  specialization.  The  CNV 
was  lateralized  as  expected,  most  prominently  on  pattern  trials. 

In  addition,  a  negative  transient  potential  and  a  late  negative 
post- imperat i ve  slow  wave  were  similarly  lateralized.  PJOO  waves 
were  very  large,  and  largest  to  the  IS  when  the  IS  differed  from 
the  WS,  but  P300  exhibited  no  lateralization.  The  results  indicate 
that  it  is  possible  to  induce  CNV  differences  in  the  hemispheres 
without  employing  overt  verbalizations  by  subjects  in  response  to 
the  IS,  so  avoiding  associated  art i facts  and  enhancing  the  clinical 
usefulness  of  CNV  asymmetry.  The  lateralized  anticipation  may  be 
construed  as  a  differential  attentional  set.  Lateralization  of  the 
negative  component  of  the  response  to  the  IS  is  compatible  with  such 
an  interpretation  as  that  component  appears  to  reflect  attention  to 
stimulus  parameters  that  define  an  input  channel.  Attentional  chan¬ 
nels,  then,  may  be  defined  in  terms  of  specialized  hemispheric/ cog¬ 
nitive  functions.  The  substrate  of  cognitive  set  onto  which  a 
stimulus  impinges  may  strongly  influence  the  extent  to  which  EFs 
evoked  by  the  stimulus  are  lateralized.  Thus,  the  failure  to  assess 
"prior  state"  in  EP  asymmetry  studies  may  account  for  much  of  the 
confusion  in  that  literature. 
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THE  EFFECTS  OF  OPTICAL  BLUR  AND  GRATING  ADAPTATION 
ON  AMPLITUDE  AND  PHASE  OF  EVOKED  POTENTIALS 


Ingo  Rentschler  and  Donatella  Spinelli 
Laboratory  of  Neurophysiology,  CNR,  Pisa,  Italy 

Optical  image  degradation  and  preadaptation  of  the  eye  to  high 
contrast  gratings  (Blakemore  and  Campbell,  1969)  both  may  reduce 
the  visibility  of  low  contrast  gratings.  We  showed  how  these  ef¬ 
fects  are  correlated  to  reductions  of  EP  amplitude.  Significant 
temporal  EP  phase  shifts  have  been  observed  only  as  a  result  of 
grating  adaptation. 

We  used  the  EP  recording  technique  of  Campbell  and  Maffei  (1970). 
The  EP  amplitude  measured  as  a  function  of  spatial  frequency  reveals 
significant  effects  of  blur  only  at  frequencies  above  5  Hz.  The 
EP  phase  linearly  increases  with  log  spatial  frequency  and  closely 
correlates  with  the  latency  of  neuromagnetic  responses  (Williamson 
et  al.,  1978)  and  Breitmeyer's  (1975)  psychophysical  reaction  time 
data.  The  phase,  however,  is  not  significantly  affected  by  blur¬ 
ring  the  retinal  image.  Briefly,  the  accuracy  of  meridional  EP 
ref ractometry  is  better  than  +  0.5  D  only  if  EP  amplitudes  are  con¬ 
sidered  and  the  eye  is  stimulated  at  higher  spatial  frequencies 
(Rentschler  and  Spinelli,  1978). 

Grating  preadaptation  of  the  eye  causes  a  loss  of  EP  amplitude 
and  induces  EP  phase  shifts  as  well.  These  effects  show  interocular 
transfer,  as  it  is  known,  from  psychophysical  studies.  We  observed 
a  decrease  in  latency  when  preadapting  the  ipsi lateral  eye  and  an 
increase  in  latency  when  adapting  the  contralateral  eye.  No  subject¬ 
ive  counterpart  of  such  effect  is  known.  The  interocular  transfer 
of  grating  adaptation  might  be  used  as  an  EP  technique  for  testing 
binocular  function  in  children. 


OPERANT  EVOKED  POTENTIAL  CONDITIONING 


IN  ANIMAL  AND  MAN 


M.  Roger,  G.  San four Che  and  G.  Ga land 
E.R.A.,  C.N.R.S.  no.  07.0624  (Neurophysiologic  do  la  \'ision)  . 

With  the  operant  conditioning  technique,  we  trained  ninety 
human  subjects  to  modify  their  visual  EP  configuration.  For  half 
of  them,  training  induced  stable  modifications  restricted  only  to 
the  reinforced  wave.  These  modifications  disappeared  witli  extinc¬ 
tion.  Such  results  led  us  to  some  fundamental  questions:  (i)  Is 
it  possible  to  rule  out  any  peripheral  mechanism,  i.e.,  are  we 
dealing  with  true  CNS  activity  conditioning?  (ii)  Which  pathways 
and/or  structures  can  account  for  these  modifications?  Some  answers 
came  from  animal  studies.  We  were  able  to  train  curarized  rats  to 
change  their  visual  cortical  EP  waveform.  Modifications  exhibited 
the  same  characteristics  as  for  man;  they  were  strictly  restricted 
to  the  wave  submitted  to  reinforcement,  susceptible  to  polarity 
reversal  and  disappeared  with  extinction.  According  to  Graybiel 
(T!n^  Neurosciences ,  Third  Study  Program,  1074,  M.I.T.  Press) ,  we 
recorded  the  responses  of  some  structures  along  the  "lemniseal  line" 
and  the  "lemniseal  adjunct"  system.  We  could  not  find  at  the  LGN 
level  the  waveform  modifications  evoked  at  the  trained  cortical  site. 
We  also  recorded  the  EP  activity  of  the  NPT  (nucleus  posterior 
thalami)  where  Disterhoft  and  Stuart  (J.  Neurophysiol. ,  107v ,  >> , 

266)  found  the  earliest  neural  responses  to  a  conditioning  paradigm. 
This  nucleus  exhibited  the  same  waveform  alterations  as  those 
emitted  in  the  cortical  trained  site.  Moreover,  successful  training 
of  the  visual  evoked  activity  of  NPT  itself  showed  us  that  this 
center  must  play  an  important  role  in  operant  conditioning  of 
neural  events.  But  further  investigations  are  necessary  to  determine 
whether  the  observed  modifications  of  NPT  activity  have  a  real  sub¬ 
cortical  origin  or  if  they  are  a  simple  reflection  of  cortical 
act ivity . 


VISUAL  EVOKED  POTENTIALS  DURING  STIMULUS 
DISCRIMINATION  LEARNING 

Frank  Rosier 

University  of  Kiel,  West  Germany 

During  stimulus  discrimination,  learning  the  relevancy  of 
stimulus  attributes  changes  with  increasing  practice.  At  the  begin¬ 
ning  all  the  stimulus  attributes  will  be  seen  as  equally  important, 
and  they  will  be  processed  with  an  equal  amount  of  attention.  At 
later  stages  of  the  acquisition  phase,  the  subject  can  concentrate 
solely  on  those  attributes  which  have  been  shown  to  be  relevant  and 
ignore  all  the  others.  The  present  experiment  was  designed  to  de¬ 
termine  whether  these  hypothesized  changes  in  attentional  set  are 
reflected  in  amplitude  changes  of  the  vertex  evoked  potential. 

Method:  Two-element  visual  stimuli,  each  composed  of  a  circle 
(varying  in  size)  and  a  triangle  (varying  in  shape) ,  were  pa i rod 
with  different  responses.  In  one  group  of  subjects  only  the  di¬ 
mension  circle-size  was  relevant  for  the  correct  stimulus-response 
identification,  while  triangle-shape  was  irrelevant.  In  another 
group  the  opposite  held.  The  two  attributes  of  each  stimulus  were 
presented  separately  in  time.  Thus,  evoked  potentials  picked  up 
from  Cz  to  A2  could  be  averaged  separately  for  different  stages  of 
the  acquisition  phase  and  separately  for  the  relevant  and  the  irrel¬ 
evant  stimulus  attributes.  The  experiment  was  run  with  a  total  of 
thirty-one  subjects.  Results :  While  percentage  of  correct  stimulus- 
response  associations  increased  linearly  over  blocks,  systematic 
amplitude  changes  could  be  observed  in  two  positive  peaks  (PIGO  and 
F330)  of  the  AEPs .  First,  the  amplitudes  of  both  components  de¬ 
creased  continuously  with  increasing  learning  progress.  Second, 
with  increasing  practice  the  amplitudes  to  the  irrelevant  attributes 
became  significantly  smaller  than  those  to  the  relevant  attributes. 
Third,  the  point  at  which  the  amplitudes  to  relevant  and  irrelevant 
attributes  diverged  was  different  for  the  two  components.  It  was 
earlier  for  the  P330  and  later  for  the  PlhO.  The  fact  that  t  lie 
amplitudes  of  the  two  positive  peaks  showed  different  trends  with 
increasing  practice  suggests  that  they  reflect  functionally  distinct 
processes  of  attentional  set. 


THE  UTILISATION  OF  EVOKED  POTENTIALS  IN  PSYCHOPHARMACOLOGY 
AND  PHARMACOPSYCHIATRY 


B.  Saletu 

Department  of  Pharmacopsychiatry  and  Psychiatry 
University  of  Vienna,  Austria 

Quantitative  evaluation  of  drug-induced  alterations  of  latencies 
and  amplitudes  of  human  evoked  potentials  (EP)  of  normal  volunteers 
resulted  in  characteristical  "pharmaco-EP  profiles"  for  the  major 
classes  of  psychotropic  diugs.  Anxiolytics  produce  EP  profiles 
characterized  by  a  latency  increase  in  early  peaks  and  a  decrease 
in  late  peaks  of  the  secondary  components,  as  well  as  by  an  atten¬ 
uation  of  the  amplitudes  in  general.  In  contrast,  neuroleptics 
induce  a  latency  increase  in  all  peaks  which,  together  with  an 
amplitude  attenuation,  is  especially  prominent  in  the  late  portion 
of  the  EPs.  This  was  also  observed  in  chronic  schizophrenic  patients 
Interestingly,  therapy  responsive  patients  showed  different  changes 
than  therapy  resistant  ones:  while  the  former  revealed  a  marked 
latency  increase  during  neuroleptic  therapy,  the  latter  showed  only 
minor  alterations  or  even  changes  in  the  opposite  direction.  There 
were  no  significant  inter-group  differences.  Neuroleptic  treatment 
of  psychotic  children  resulted  in  an  increase  of  both  latencies  and 
amplitudes,  which  was  correlated  with  clinical  improvement  and  re¬ 
presented  a  ("normalization")  shift  towards  the  EP  patterns  observed 
in  age  and  sex  matched  normal  children.  Stimulatory  drugs  produced 
in  normals  a  latency  decrease  in  the  early  as  well  as  in  the  late 
part  of  the  EP.  Contrarily,  in  hyperkinetic  children  an  increase 
in  latency  was  observed  with  d-amphetamine  (as  was  observed  with 
the  neuroleptic  thioridazine) ,  which  seems  to  be  the  neurophysiolog¬ 
ical  correlate  of  the  well  known  "paradoxical"  clinical  response  of 
these  children  patients  to  amphetamine.  Therapy  responsive  children 
showed  more  latency  increase  and  amplitude  augmentation  than  therapy 
resistant  ones.  Some  pre-treatment  VEP  values  were  correlated  with 
clinical  outcome.  EP  profiles  of  antidepressants  depend  largely  on 
their  chemical  structures:  while  MAO-inhibitors  induce  alterations 
similar  to  those  of  stimulants,  tricyclic  antidepressants  produce  a 
latency  decrease  in  early  and  a  latency  increase  in  late  EP  com¬ 
ponents.  The  amplitudes  are  generally  attenuated.  The  neotropic 
drug  Hydergine  was  found  to  increase  SEP  amplitudes.  Based  on 
these  pharmaco-EP  profiles,  new  compounds  were  successfully  clas¬ 
sified:  while  halazepan  and  clorazepate  and  the  anti-androgene 
cypoterone  acetate  induced  changes  typical  for  anxiolytics,  the 
androgene  mesterolone  produced  alterations  similar  to  thymoleptic 
drugs . 
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AUDITORY  EVOKED  POTENTIALS  AS  PROBES  OK  LATERAL I ZED 
INFORMATION  PROCESSING  IN  ADULTS  AND  INFANTS 

D.  W.  Shucard  and  J.  L.  Shucard 
Brain  Sciences  Laboratories 
Department  of  Behavioral  Sciences 
National  Jewish  Hospital  and  Research  Center 
Denver,  Colorado 

Recently,  Shucard,  Shucard  and  Thomas  (1977)  reported  a  study 
in  which  cerebral  specialization  of  function  was  assessed  using 
auditory  evoked  potentials  (AEPs)  to  pairs  of  task-irrelevant  tones 
to  probe  activated  brain  sites  involved  in  ongoing  information  pro¬ 
cessing.  Other  investigations  have  been  conducted  in  our  laboratory 
to  elaborate  on  the  original  findings  and  to  study  the  phenomenon  in 
infants . 

The  original  findings  have  been  replicated  in  a  new  adult  sam¬ 
ple.  In  exploring  the  relationship  between  monopolar  and  bipolar 
placements,  a  negative  relationship  was  found  between  AEP  peak 
amplitudes  obtained  from  temporal  scalp  placements  references  to 
Cz  (T,j-Cz,  T3-C2)  versus  temporal  placements  referenced  to  linked 
ears.  For  example,  when  T3-C2  showed  a  higher  amplitude  response 
relative  to  T4~CZ  during  verbal  information  processing,  and  T3- 
linked  ears  showed  a  lower  amplitude  response  relative  to  Tg-linked 
ears  during  the  same  task.  These  findings  indicate  that  reliable 
predictions  can  be  made  about  evoked  activity  at  the  temporal  sites 
whether  a  Cz  or  linked  ears  reference  is  used. 

Using  our  "two-tone  probe  technique”  to  study  the  development 
of  cerebral  specialization  of  function  in  awake,  three-month  old 
infants,  we  found  significant  sex  dependent  differences  in  left  ver¬ 
sus  right  hemisphere  AEP  amplitudes.  While  listening  to  complex 
auditory  stimuli  such  as  language  and  music,  seven  out  of  eight  male 
infants  showed  a  higher  amplitude  right  hemisphere  AEP  as  compared 
to  the  left  for  N300,  whereas,  seven  out  of  eiqht  females  showed  a 
higher  left  hemisphere  response  relative  to  the  right  for  the  same 
peak.  Similar  results  were  obtained  as  well  for  Pjoo  and  P40O  AEP 
peak  amplitudes.  No  such  relationships  were  found  when  the  tones 
were  presented  alone  without  the  verbal  and  musical  stimuli.  These 
findings  support  previously  reported  behavioral  studies  of  develop¬ 
mental  sex  differences  in  analytical  and  spatial  information  process¬ 
ing  which  may  be  related  to  the  influence  of  sex  hormones  on  the 
developing  brain. 

The  auditory  probe  technique  might  prove  clinically  useful  for 
early  detection  of  disabilities  which  are  thought  to  be  related  to 
disturbances  in  cerebral  organization.  (Supported  in  part  by  NIOHP 
Grant  HD  11747.) 
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AUDITORY  EVOKED  POTENTIALS  INDICATE  ATTENTIVE 
DYSFUNCTIONS  IN  HYPERKINETIC  ADOLESCENTS 

John  S.  Stamm  and  David  L.  Loiselle 
Department  of  Psychology 
SUNY ,  Stony  Brook,  N.Y.  11794 

From  the  files  o.  a  children's  clinic,  thirteen  12  to  13  year- 
old  boys  were  s-  lected  who  had  childhood  diagnoses  for  hyperkinesis 
(HK) ,  IQ  above  B4  and  no  neurological  or  psychiatric  disorders.  The 
controls  (CG)  were  fifteen  age-matched  normal  boys.  The  selective 
attention  (SA)  task  consisted  of  dichotic  series  of  180  tone  pips 
(50  msec,  75db  SPL)  of  800  Hz  to  one,  and  1500  Hz  to  the  other  ear, 
with  random  interstimulus  intervals  (mean  of  793  msec) .  Approx¬ 
imately  20  signals  (840  Hz  or  1560  Hz)  were  randomly  interspersed. 
Subjects  were  instructed  to  count  signals  to  one  ear  (Attend) .  Four 
series  were  given,  counterbalanced  for  the  attended  ear  and  frequency. 
Averaged  EPs  (vertex  to  mastoid)  to  the  pips  were  computed  to  the 
attend  (AT)  and  non-attend  (NA)  channels.  N100  amplitudes  (baseline 
to  peak)  showed  no  significant  group  differences  for  NA.  N100  was 
significantly  higher  under  AT  than  NA  conditions  for  the  CG,  but  not 
for  the  HK  group.  Mean  amplitude  enhancements  were  43%  for  CG  and 
13%  for  HK.  P300  to  the  attend  signals  was  found  for  every  boy, 
with  means  of  9.51  uV  for  the  CG  and  6.74  yV  for  the  HK  (insignifi¬ 
cant  difference).  Correlations  between  P300  and  N100  AT  were  .48 
for  CG  and  .20  for  HK.  P300  to  nonsignal  pips  were  unremarkable. 

Two/tehavioral  tasks  were  button-press  responses  to  the  signals 
for  the  SA  and  for  a  10  minute  vigilance  task  which  consisted  of  bin¬ 
aural  1500  Hz  pips  (40  per  min)  with  64  signals  of  1560  Hz.  On  both 
tasks  the  HK  made  significantly  fewer  correct  responses  and  more 
errors  of  commission  than  the  CG.  Also,  on  the  vigilance  task,  reac¬ 
tion  times  to  correct  responses  were  significantly  longer  and  more 
variable  for  the  HK  group.  For  SA,  correlations  between  correct 
responses  and  N100  AT  enhancements  were  -.03  for  CG  (mean  81%  cor¬ 
rect)  and  .57  for  HK  (mean  42%  correct).  Dichotic  listening  to  sixty 
pairs  of  real  syllables  (pa,  da,  etc.)  resulted  in  mean  correct  re¬ 
sponses  of  63.7%  for  CG  and  54.7%  for  HK,  and  insignificant  right- 
ear  advantages  for  each  group  (means  of  7.73  and  6.77).  For  lateral 
preferences,  the  incidence  of  consistent  right  hand-eye  preferences 
was  67%  for  CG  and  23%  for  HK,  while  crossed  preferences  were,  re¬ 
spectively,  20%  and  77%. 

These  findings  demonstrate  the  applicability  of  the  SA  paradigm 
for  EP  measures  of  attentive  dysfunctions  in  HK  children.  Their 
deficient  N100  enhancements  reflect  deficits  in  selective  attention, 
while  their  normal  P300  waves  would  indicate  adequate  detection  of 
the  relevant  signals.  (Supported  by  a  grant  from  The  Grant  Founda¬ 
tion.  ) 
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DIMINISHED  CNV  REBOUND  AND  PERSEVERATIVE  ATTENTION  SET 
IN  OLDER  SUBJECTS 

J.  J.  Tecce 

Tufts  University  School  of  Medicine 
Boston,  Massachusetts,  U.S.A. 

There  are  two  CNV  effects  of  potential  value  in  clinical  work  - 
the  CNV  distraction  effect  which  is  exaggerated  in  schizophrenics 
and  psychosurgery  patients,  and  the  CNV  rebound  effect  which  is 
absent  in  psychosurgery  patients.  The  present  study  assessed  these 
effects  in  two  age  groups.  Twenty-one  young  subjects  (ages  18-28) 
and  thirty-one  healthy  older  subjects  (ages  56-85)  were  tested  in 
two  CNV  paradigms.  The  first  was  a  control  condition  where  a  light 
flash  (first  stimulus  of  SI)  was  followed  in  1.5  secs  by  a  contin¬ 
uous  tone  (second  stimulus  or  S2)  which  was  terminated  by  an  operant 
key  press  (control  trials) .  The  second  condition  involved  a  random 
presentation  of  two  types  of  trials:  no-letters  trials  which  were 
identical  to  control  trials,  and  letters  trials  which  were  similar 
to  control  trials,  except  that  three  successive  visual  letters  were 
presented  within  the  S1-S2  interval  for  recall  after  the  key  press 
to  S2.  A  control  condition  preceded  and  followed  the  mixed  con¬ 
dition.  Both  young  and  older  subjects  showed  a  slowing  of  reaction 
time  j[£  <  .001)  and  a  reduction  in  amplitude  of  CNV  (g_  <  .01)  re¬ 
corded  at  Fz,  Cz  and  Pz  in  letters  trials  compared  to  control  trials 
(CNV  distraction  effect) .  For  the  young  group,  amplitude  of  CNV 
reached  supranormal  elevations  (above  control  values)  _(jp  <  .01)  in 
the  no-letters  trials  at  each  recording  site  (CNV  rebound  effect) . 
The  older  group  showed  CNV  rebound  effects  at  Cz  and  Pz  _(ja  <  .01) 
but  net  at  Fz.  CNV  rebound  appears  to  reflect  a  switching  of  atten¬ 
tion  process  between  the  divided-attention  set  of  attending  to 
letters  and  tone  in  letters  trials  and  the  unified  attention  set  of 
attending  to  tone  in  no-letters  trials.  Consequently,  the  absence 
of  normal  CNV  rebound  in  frontal  brain  areas  of  the  elderly  may 
indicate  some  type  of  loss  of  resiliency  of  brain  functioning  that 
becomes  expressed  in  a  perseverative  attention  set. 
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I.AT1:  I'OMI’i 'MINTS  OF  Till  AUDITORY  IIVOKl'D  KFSI'ONSI  IN  Si  'll  1  'I'llKlN  IFF 


M.  T ittisi  t -her t  h i ei  .itul  A.  Uerono 
l.abot  atory  of  cl  inii-.il  Neurophysiology 
On ivt’i  si ty  ot  l.ioqe,  Belgium 

This  study  was  curried  out  using  ton  notm.il  controls  . mci  twonty 
putionts  so  looted  1 1 om  torty-five  1 ooordod  put iont s  (ton  uout o  and 
ton  chronic  schi  /.optnonics)  .  All  won-  matched  toi  .n|o  ,  sox  and 
oduo.it  i  on.i  1  level,  and  patient  groups  wore  matohod  lot  modioat  ion 
dosage  level.  They  wore  exposed  to  a  1 '>  min  sogiionoo  ot  frequent/ 
infrequent  auditory  stimuli  (85*  of  60  dB  -  1 .10  11/  vs  IS*  ot  till  dh  - 
1000  11/  with  intorst  iniulus  intensity  (1S1)  :  5  see),  and  wore  told 

to  oount  infrequent  stimuli.  All  the  oontiols  counted  correct  ly, 
hut  only  ten  of  the  twenty  patients  weie  able  to  execute  the  task. 
Averaged  evoked  potent  i.ils  (AKP)  were  i  eon  ded  toi  the  I  lequent  and 
infrequent  stimuli  from  Cz  and  IV.  and  one  ocular  site. 

The  most  interesting  findings  were  the  following: 

1.  Nosological  effect  :  The  late  positive  component  (1.1’C)  amplitude 
(peak  ot  maximum  positivity  between  lOO-SOO  msec)  was  largei  toi  con¬ 
trols  than  tot  schizophrenics,  hut  there  was  no  difference  between 
acute  and  chronic  schizophrenics,  Since  some  patients  did  not  per¬ 
form  the  task  we  could  not  distinguish  the  cited  ot  the  psychotic 
process  t  i  out  that  ot  the  subject  option. 

)  Behavioral  ettect:  As  could  be  expected,  the  most  striking  dif¬ 
ferences  were  set'll  between  the  I. IV  ot  controls  and  sch  i /ophreni  cs  who 
counted  poorly  (Uz  and  Pz  -  p  •  0.001).  In  this  last  group,  there 
was  no  significant  ditfeience  between  the  Aid’s  evoked  by  t  request 
and  infrequent  stimuli.  This  finding  demonstrated  that  the  attitude 
ot  the  patient  toward  the  experiment  played  a  major  role. 

Ilowevei  ,  there  were  also  differences  between  controls  and 
schizophrenics  who  counted  well.  The  lattet  displayed  cleat  1.1V 
but  no  significant  ditferonce  between  frequent  and  infrequent  stimuli. 
These  patient-control  differences  weie  seen  in  1' la  and  SW  components, 
particularly  in  the  development  ot  N.'ld  and  the  occurrence  of  an 
additional  noqat ive  peak  N  l  (mean  latency:  ISO  msec)  which  overlapped 
the  eat  ly  positivity  process. 

Thus,  patients  may  have  different  e loot rophysiolog i cal  potential 
even  when  they  perform  a  task  as  well  as  the  normal  subjects.  These 
data  raised  the  problem  of  whether  we  are  laced  with  a  different 
stiategy  or  with  a  different  brain  reactivity. 
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I1AAK  TRANSFORMS  OF  KVF.NT-RKl.ATFn  POTKNTI  Al.S : 
rI\  1WARP  AN  OPTIMAL  RE-EXPRESS  ION  OF  THE  DATA 


Jacques  .1.  Vidal  and  Kric  D.  Ilelfonboin 
University  of  California,  Los  Angelos 

I.iniMi  (tans  form  mot  hods,  routinely  used  to  reduce  ongoing  KEG 
data,  have  boon  a|  plied  sporadically  to  event  related  potentials 
as  a  way  to  re-express  the  data  with  fewer  variables  (i.e.  to  reduce 
d  imen.'i  iona  1  i  t  y)  . 

The  most  popular  transforms  with  fixed  basis  function,  Fourier 
and  Wal sh-IIadamard,  are  pure  frequency  representations  that  span  the 
whole  epoch  and  blut  the  information  contained,  in  the  physiologically 
significant  time  sequence  of  KRT  components.  The  lla.it  transform  es¬ 
capes  this  loss  by  usinq  basis  functions  that  occupy  separate  time 
windows.  At  each  successive  level  (i.e.,  order)  the  windows  become 
narrower  (by  one  half). 

A  comparative  study  is  presented  that  shows  the  etticiency  of 
t  tie  transform  in  encoding  visual  KRT  information.  Disct  iminant 
analyses  (stepwise)  applied  to  both  raw  and  transformed  data  demon¬ 
strated  simultaneously  an  increase  in  discrimination  pertormance 
and  a  reduction  of  dimensionality. 

The  llaar  re-expression  ties  halfway  between  time  and  fre¬ 
quency  analysis.  It  is  sensitive  both  to  local  and  global  features 
of  the  signal  with  the  high-order  terms  becoming  progressively  more 
local.  The  ability  to  capture  local  components  is  a  major  asset  for 
KRT  analysis.  In  addition,  the  Haar  functions  take  the  form  of 
single  "alterations",  a  waveform  characteristic  that  mimics  KRT  com¬ 
ponent  s  fa i r 1 y  wo  1 1 . 

Finally,  it  seems  that  further  improvements  could  be  obtained 
it  the  constraints  imposed  by  orthogonality  and  basis  functions 
fixed  in  time  were  relaxed.  Such  a  waveform  directed  data  transfor¬ 
mation  is  certainly  realisable  but  still  remains  to  be  implemented 
and  tested.  It  would  bring  the  long  sought  after  capability  for 
automatic  component  separation. 
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DEVELOPMENTAL  CHANGES  IN  ERT  PRECEDING  MOVEMENT: 
RELATION  TO  VARIABILITY  AN1'  IV 


Char  It's  Warren  and  Ra  t  ho  Kama 
Illinois  Institute  for  Developmental  Disabilities  and 
University  of  Illinois,  Chicago 

Waveforms  preceding  right  thumb  flexion  vary  with  development 
and  mental  retardation  (Karrer  et  al . ,  in  press).  We  have  repli¬ 
cated  these  waveforms  in  children,  preadolescents  and  in  normal  and 
mentally  retarded  young  adults.  EEG  during  thumb  flexion  (button 
press)  was  recorded  IX'  between  Or.,  Cz,  C3,  C 4,  Fz  and  linked  ears. 
Activity  occurring  020  msec  pre-EMG  to  320  msec  post-EMG  was  clas¬ 
sified  by  form  using  explicit  criteria. 

The  frequency  of  waveforms  at  Cz  confirmed  developmental  changes 
in  their  distribution.  The  retarded’s  distribution  of  waveforms 
was  different  from  the  normal's.  Positive  components  at  600  and 
ISO  msec  prior  to  movement  characterize  the  child’s  waveform.  Young 
adults  had  typical  negative-going  waveforms.  Retarded  had  uni phasic 
positive-going  waveforms.  Preadolescents  exhibited  all  waveform 
types.  We  also  confirm  the  relation  of  positivity  to  a  measure  of 
movement  extraneous  to  the  task  (discarded  eye  movement  artifact). 

In  all  children  positivity  at  C4  is  directly  related  to  the  amount 
of  extraneous  movement  (r  +.49),  and  this  is  strongest  in  children 
showing  the  typical  "child’s"  waveform  (r  +-.85)  .  This  relation 
resides  at  different  leads  depending  on  waveform  in  children,  pre¬ 
adolescents  and  MR,  but  not  in  adults.  Waveforms  did  not  differ 
on  number  of  trials  averaged,  trials  excluded  due  to  eye  movements 
or  in  trial-to-trial  variability,  nor  were  they  a  function  of  back¬ 
ground  EEG.  Variability  for  all  waveforms  increased  over  the  epoch 
to  a  maximum  at  the  response.  Between  groups  there  was  a  variability 
increase  with  decreasing  age  and  mental  retardation.  However,  within 
groups  there  was  no  relation  of  I <2  to  variability. 

Children  showing  a  waveform  characteristic  of  the  adult  had 
higher  10  (X  113)  than  those  showing  the  typical  "child's"  waveform 
(X  101)  though  there  was  no  age  difference.  For  "adult"  waveforms, 
the  less  the  positivity  the  greater  the  10  for  adults  (Fz:r  -.83), 
children  (Fz,Cz:r  -.90, -.”8)  and  retarded  (Oz.:r  -.78  p^.l).  This 
positivity  that  relates  to  10  occurs  between  600  msec  and  response 
depending  on  group  and  lead. 

These  data  support  the  concept  that  different  waveforms  pre¬ 
ceding  movement  occur  as  a  function  of  age  and  mental  status.  The 
positivity  that  characterizes  the  waveform  of  the  physically  and 
mentally  immune  is  functionally  related  to  10  and  to  the  inhibition 
of  movement  irrelevant  to  performance. 

Supported  by  NICHD  grant  HD08265. 


KVOKKP  IVTK.NTlAl.s  IN  Till:  IUKKKRKNT1A1  DIAGNOSIS  OK  SKNHOKY  ANP 
NKPROUVIIC  lMl'AIRMKNT  IN  PH  1 I.PRKN 

1 1  a  1'.  Weiss  ami  Ann  H.  Barnet 

KKi.  Research  Laboratoiy,  Ohi  Kli  on 1  s  Hospital  National  Medical  Ccntei 

Wash i  ngt  i'll  II. P.  .’0010 

A  combination  tost  consisting  ot  ooitioal  auditory  evoked 
ivtontiuls  (KPsl  .  Plain  sti-tn  auditoiy  KIP.  and  visual  IPs  to  flash 
has  boon  found  to  bo  very  usotul  in  assisting  in  tl.  di  t  tot  out  lal 
diagnosis  ot  sensory  and  neurologi,  impairment  m  ohildion.  I'ata 
i'n  olimoal  referrals  toi  snoh  tost  wig  ovoi  a  one  yoai  pel  l od  at 
P.H.N.M.P.  wore  analyzed.  Among  ohildion  who  had  normal  Plain 
stem  KP  thresholds,  those  referred  wifi  a  suspicion  ot  hearing  loss 
had  ooitioal  auditory  IP  amplitudes  uppiox  imut  el  y  ‘>0*  lowei  than 
ohildton  with  no  auditory  symptoms.  No  dittorenoos  m  HKP  latonoios 
won  found  between  the  two  gioups. 

KP  latenoy  did,  however,  differentiate  between  ohildton  with 
and  without  a  history  of  neurologio  dotioits.  Phi Idren  with  known 
neurologio  dofieits  had  lotigei  Plain  stem  and  ooitioal  auditory  KP 
latenoios  than  ohildton  with  no  neurologic  symptoms  whet  lie  l  oi  no' 
they  presented  with  symptoms  of  an  auditory  dofioit. 

An  evoked  |vtent  tal  index  (KP1)  was  devised  t o  quantify  the 
“abnormal i t y"  ot  an  KP.  The  KPI  was  found  to  differentiate  normal 
ohildion  t  i  om  those  suffering  Horn  tile  eifeols  ot  sovote  m.iliieui  ish- 
ment  (marasmus) .  Although  the  KPls  ot  the  ohildion  improved  during 
the  ivui so  ot  treatment ,  they  were  still  deviant  at  the  time  ot  dis- 
ohaigo  and  at  follow-up  tests  a  ye. it  oi  more  later.  These  abnormal¬ 
ities  may  lefleot  a  long  lasting  effect  ot  malnutrition  on  brain 


t ntiet  ion  (Hat  net  e 
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In  add i t  ion  t 

o  t  ho 

above  findings. 

six  « 

case  studies 

t  aken  t i ora 

patients  seen  in  this  laboratory  in  the  past  six  months  are  diseussed. 
rhi>  patients  presented  with  symptoms  of  auditory  and  visual  dofieits. 
K.P  test  lesults  helped  eon  film  a  variety  ot  final  diagnoses  i  tie  l  tid¬ 
ing  .lam  stem  oneephalopathy ,  hemianopsia,  oottioil  blindness, 
petipin'tal  heating  loss  and  "ooitioal  deafness".  The  patients 
tanged  iti  age  from  six  months  to  five  years.  The  utility  ot  Kl's  in 
these  differential  diagnoses  was  dependent  upon  careful  individual¬ 
ized  design  ot  the  test  parameters  and  procedures  for  each  patient. 
Henetits  of  KP  testing  were  maximized  when  the  test  was  designed  to 
allow  thi-  patient  to  servo  as  his  own  oontrol.  Analysis,  ot  K1' 
results  was  often  assisted  by  comparing  HKPs  and  API's,  results  from 
left  e.u  ot  eye  and  those  from  the  light  oi  results  from  two  test 
so.;-,  ions . 
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Acuity,  visual,  180 
Adaptation 

of  components,  24 
to  orating  patterns,  468 
to  light,  449 
visual  potentials,  17  ff 
Age 

P300 ,  456 

senile  dementia,  460 
tone  intensity  effects,  456 
Aging,  383  ff,  453 
Agnosia,  linguistic 
stimuli,  128 
Albinos,  450 
Alcohol 

addiction,  453 

and  cognition,  447 
auditory  P300,  457 
Alexia  without  agraphia, 

269  ff 

Alzheimer's  disease,  460 
Amyotrophic  lateral 
sclerosis,  453 
Analgesia,  43  ff 
Aphasia  and  linguistic 
stimuli,  127 
Aspirin,  43  ff 
Attention  (see  also 

relevance) ,  235  ff 
hyperactive  children,  153  ff 
hyperactive  children, 
methylphenidate,  459 
hyperkinetics,  474 
and  learning,  P330,  470 
mental  retardation,  397  ff 


and  perseveration,  in  older 
subjects  and  CNV,  475 
in  psychiatry,  383  ff 
selective,  in  schizophrenics, 

331  ff 

slow  potentials,  negative, 

251  ff 

somatosensory  potentials,  83  ff 
visual  stimuli,  169  ff 
Auditory  (see  also  brain  stem; 
stimuli,  auditory;  stimuli, 
clicks) 
age,  456 

brain  stem  in  infants,  452 
brain  stem  ontogenesis,  454 
children,  impaired,  479 
in  circadian  studies,  458 
depressives,  CNV,  448 
hemispheres,  infants  and  adults, 
slow  potential,  473 
normative  data,  1  ff 
Augmenters,  50 
Autism,  and  vitamin  B6,  461 
Autoregressive  filter,  48 
Barbital,  auditory  P300,  457 
Benzodiazepine,  CNV,  465 
Binocular  stimuli  in  albinos,  450 
Blurring,  grating,  468 
Brain  damage,  466 
Brain  dysfunction,  453 
Brain  stem  potentials 

auditory,  ontogenesis,  454 
children,  impaired,  479 
clicks  in  cats  and  patients, 

415  ff 
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clicks,  normative  data,  1  ff 
click  spectrum,  sound 
pressure  direction,  in 
children,  464 
infants,  452 

transmission  time,  454,  464 
Brain  tumors,  97 
Cannabis,  auditory  P300,  457 
Children  (see  also 

development,  maturation, 
ontogenesis) 
autistic,  461 
brain  stem  potentials, 
clicks,  464 

high  risk,  schizophrenia, 

105  ff 

hyperactive,  153  ff 
minimal  cerebral  dysfunction, 
215  ff 

neurologic  impairment,  479 
Click  stimuli  (see  brain 
stem;  stimuli,  clicks) 

CNV 

and  behavior,  psychoactive 
drugs,  465 

classification,  251  ff 
conditioning,  469 
in  depression,  448 
handedness,  455 
hemispheres,  235  ff,  467 
intracerebral,  245 
linguistic  stimuli,  121  ff, 
215  ff 

psychiatry,  231  ff 
rebound,  475 

word  vs.  pattern  trials,  467 
Cognition  deficits  in  alcoholic 
and  geriatric  subjects,  447 
Color,  431  ff 
Components 

separation,  HAAR  functions, 
477 

visual,  checkerboard,  17  ff 
normative  data,  1  ff 
Conditioning 

autistic  children,  461 
operant,  visual  CNV,  469 
Contour  masking,  445 
Dementia,  383  ff 


Depression,  CNV  and  GSR,  448 
Depth  electrodes,  245 
Detection  of  stimuli,  451 
Development  (see  also  maturation; 

ontogenesis) ,  383  ff 
Discrimination 

models,  hyperactive  children, 

472 

visual,  learning,  470 
Down's  syndrome,  397  ff,  453 
Drug  abuse,  auditory  P300,  457 
Eye  movement  potentials, 
maturation,  185  ff 
Evoked  potentials  in  different 
modalities  (see  auditory; 
color;  language;  olfactory; 
somatosensory;  speech; 
stereopsis;  visual) 

Feedback,  slow  potentials  and 
reaction  time,  463 
Fibers,  optic,  misrouting  in 
albinos,  450 

Fields,  electrical,  31  ff,  201  ff 
Geriatric,  cognition,  447 
Gratings,  blurring,  adaptation, 

468 

GSR 

hyperactive  children,  153  ff 
in  depression,  448 
HAAR  transforms,  477 
Habituation,  462 

Head  injury,  brain  stem,  cortical, 
466 

Heart  rate,  hyperactive 
children,  153  ff 
Hemiodialysis ,  453 
Hemispheres 
CNV,  235  ff 

conscious  and  nonconscious 
stimuli,  451 

correct  response,  P300,  455 
expectancy,  CNV,  467 
infants  and  adults,  473 
lambda  maturation,  190 
language,  alexia,  269  ff 
brain  dysfunction,  215  ff 
mental  retardation,  397  ff 
normative  data,  1  ff 
P300,  303  ff,  467 
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in  pilots,  4b2 
psychiatry,  347  ft 
reaction  time,  CNV,  467 
readiness  potential,  503  ff 
relevant  stimuli,  55  ff 
tasks  in  alexia,  769  ft 
Hyperactive  children,  163  ff, 
459 

drscriminat ion  function 
models,  477 
Hyper  k  r  tresis 

adolescents,  auditory,  474 
children,  471 

Iy',  1'P  preceding  movement,  478 
Infants 

brain  stem  responses, 
intensive  care,  '.52 
hemispheres,  473 
Interocular  transfer,  468 
Intracerebral  recording , 

auditory  Kr  and  CNV,  7 45 
Kana  and  Katrji  signs,  171  ff 
I.imbda,  maturation,  190 
Language,  31  ff,  171  ff, 

715  ff,  473 
CNV ,  minimal  cerebral 
dy s f  unct  iotr ,  215  f  f 
alexia,  769  ff 

Late  components  (sec  also  ONY; 
F300;  slow  potentials) 
language,  121  ff,  215  ff 
visual  patterns,  178 
Lateral izat ion  (see 
hemispheres) 

U-arning,  discrimirrat  ion, 
visual,  470 
Malnutrition.  479 
MAO  inhibitors,  471 
mapping  (see  also  topography) 
lingusitic  potentials,  31  ff 
visual  potentials,  201  ff 
Masking,  backward,  445 
Maturation  (see  also 

development ;  ontogenesis) 
eye  movement  potentials, 
scanning ,  185  ff 
somatosensory  stimuli,  83  ff 
visual  potentials,  185  ff 
Meaning,  speech  stimuli,  11  ff 
Me thy lphenidat e ,  153  ff,  459 


Missing  stimuli,  117  ff 
Mismatch,  negative  slow 
potentials,  258 
Morphine 
CNV,  465 

auditory  P300,  457 
Motor  act  ,  U7  ft 
Movement  preceding  potent ials, 
ontogenesis,  478 
Mu  It  i  pi  i-  sc  1  eros  i  s 

checkerboard  reversal  stimuli 
and  psychophysics,  163  ff 
somatosensory  potentials,  96 
Music,  471 

Neurology  (see  a/so  various 
diagnoses) 

brain  stem  click  responses, 
415  ff 

dementia,  381  ff 
minimal  cerebral  dysfunction, 
215  ff 


somatosensory,  81  ff 
Neuropathy,  93 
Neuropsychology ,  minimal 

cerebral  dysfunction,  215  ff 
Nicotine,  auditory  I' 100,  457 
Noise,  white,  69  ft 
Olfactory,  785  ff 

Ontogenesis,  potentials  preceding 
movement ,  478 

Orientation  specificity,  visual 
patterns,  169  ff 


P300 

circadian,  458 
drugs,  auditory,  457, 
hemispheres,  455  ' 

reaction  time,  -yCl 
hyperactive  eh i  (<fren ,  153  ff 
hyperkinet ics, /at  tent  ion,  474 
learning,  47/ 
lingusitc  stimuli,  121  ff 
memo ry ,  ag e ,  4  5  6 
mental  retardation,  197  ff 
Metliylphenidate,  15  1  ff 

prediction  of  response,  455 
psychiatry,  111  ff,  383  ff 

tasks,  bimanual,  103  f  - 

v i sua 1 ,  old  alcoholics ,  447 


Pain,  4  3  f f 

Perception,  visual,  445 
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Performance  (net  a!  .  reaction 
t  ime) 

prediction  ot  accuracy,  -155 
Pharmacology ,  pain,  4  3  ft 
Pilots,  hemispheres,  462 
Positive  late  component  (sec 
P  3  DO ) 

Psychiatry  (see  also  various 
diagnoses)  ,  347 
dementia,  383  ff 
mental  retardation,  397  ff 
schizophrenia ,  til  ff 
Psychoactive  drugs,  CNV,  -l t> S 
Psychopharmaeology ,  471 
Psychophysics ,  mu 1 t iple 
sclerosis,  383  ff 
Keaction  behavior, 

hyperkinetics,  474 
Keaction,  motoric,  lateralized, 
235  ff 

Keaction  time 
UN'.',  drugs,  465 
rebound,  475 

hyperactive  children,  161 
omission  response,  317  ff 
psychiatry,  334 
■  low  potentials  and  feedback, 
463 

react  ion-type  procedure, 
hemispheres,  303  ff 
Keadiness  potential,  30.3  ff, 

463 

classification,  251  ff 
leading,  eye  movement 
potentials  and 
maturation,  192 

i recognition,  linguistic  stimuli, 
121  ff 

Seducers,  50 

■relevance  (sec  also  attention), 
chi  Idrcn, _numlvr  st imuli, 

- ITT?  f  f 

hemispheres,  55  ff,  473 
high  risk,  schizophrenia, 

105  ff 

visual  stimuli,  55  ff,  470 
Ketardation,  mental,  movement 
preceding,  478 


Saccades,  eye  movement 

p  tentials,  maturation,  185  ff 
Scanning,  visual,  maturation, 

185  t  f 

Sch izophronia 
chronic,  471 

evoked  potentials,  331  ff 
high  risk,  children,  105  ff 
late  components,  auditory,  476 
Senile  dementia,  flashes,  460 
Slow  potentials  (.•■•<■<■  also  UNY; 

P 300;  readiness  potential) 
negative,  classification,  251  ft 
schizophrenics ,  476 
Somatosensory  (see  also  stimuli, 
somatosensory ) 
attention,  83  ff 
maturation,  83  ff 
normative  data,  1  ff 
1  a in,  43  f  f 

Spatial  distribution  (sec 

hem i  sph e re  s ;  to[ >og raphy ) 

Speech,  31  ff,  121  ff,  215  ff, 

269  ff,  473 
Stcrcopsis,  180 
St imul i 

auditory  (sec  also  Auditory), 

235  ff 

brain  stem  responses, 
near o 1 ogy ,  415  f  f 
mental  retardation,  397  ff 
psychiatric  patients,  347  ff 
UNY  and  lateralized  reaction, 
235  ff 

checkerboard  reversal,  201  ff 
checkerboard  reversal,  in 
multiple  sclerosis,  363  ff 
clicks,  brain  stem  responses, 
in  cats  and  patients,  415  ff 
in  schizophrenics,  3.31  ff 
color  flashes,  4.31  ff 
detection,  circadian  effects, 
auditory,  458 

dichotie,  in  schizophrenics, 

331  ff 

duration,  19 
flashes,  269  ff 

in  hyperactive  children,  153  ft 
intervals,  17  ff 
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lingui  tic,  visual,  269  tt 
olfactory,  -'85  ft 
amiss  ion ,  <17  1 1 

pain,  1 <  ft 
i  e  levant  ,  55  t  l  ,  4‘>i> 
somatosensory  (see  a  iso 
Somatosensory )  tit  ft 
in  psychiatric  patients, 

<47  ft 

speech ,  <1  t  f  ,  l-'l  ff,  .'l1'  ff, 

269  ft,  47 1 
subthreshold,  451 
tones,  in  development, 
aging,  dementia,  <8  <  ff 
tone,  in  schizophrenics, 

HI  ff 

Virtual  (  •  CO  ai.se>  visual) 
checkerboard,  ret  inal 
location,  145  ff,  201  ft 
diehoptic,  led  ff 
flashed  letters,  55  ff 
gratings,  lie)  t  t 
hem  i  retina,  20 1  tt 
numbers,  letter:;,  55  ff 
mental  retardation,  '>>7  ft 
patterns,  2ed  ff 

psychiatric  patients,  <47  tt 
wliite  noise,  f>9  ft 
Supple:.  .  ion ,  int  t  a/inter  oculat  , 
172 

Topography  (see  also 
hemispheres; 
lat  eral i zat ion) 
checkerboard,  macular  and 
patam.icular  stimuli,  1  <5  ff 
click  evoked  brain  stem 
responses,  415  ff 
hemiretinal ,  201  ff 
multichannel  field  maps, 

<1  ff,  201  ff 
mult idimensional  scalinu 
analysis,  44e 
olfactory,  285  ff 
PJ00,  404  ff 
psychiatry,  <47  ff 
readiness  potential,  <0 <  ff 
Transfer  function,  visual 
IT.  69  ff 


Turn  o  I  ,  ham,  somatosetisoi  y 
til's ,  97 
Vig  i lance 
CNY ,  258 

hyj'er  k  met  tes  ,  474 
Visual  (sec  aiso  stimuli,  visual) 
albinos,  450 
blurred,  468 

checkerboard  flashed,  onset, 
reversal,  17  tf 
checker  K'ard  revet  sal  , 

115  ff,  -'01 

children,  impaired,  47'< 
corn)  1 1  i  on i  nij ,  4(>9 
contour,  44 1> 

dichoptic,  gratings,  1(>9  ff 
discrimination  learning,  470 
flashed  color,  4<1  ff 
grating,  468 

high  lisk,  schizophrenia,  105  t 
hyperactive  children,  lr'<  ff 
masking,  445 
methylphonidate ,  154  ff 
normative  data,  1  ft 
P < ,  alcohol,  old  subjects,  447 
and  performance,  462 
relevance,  55  ff 
retinal  location,  1 <5  tf,  201  t 
subcortical  origin,  449 
stimulus  duration,  Id 
9  msec  latency,  449 
Vitamin  86,  autistic  children,  4i 
Volt ei rn  series,  70 
W  i  ene  t  ke  me  1  s ,  7 0 
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